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PREFACE. 


The last, or fifth edition of this work, was puhlishod in 
February 185o, so that nearly ten years have since elapsed. 
I have allowed it to remain several years out of })rint, having 
been much occupied in travelling through various parts of 
Europe, and latterly in writing rny “ Getdogical Evidences of 
the Antiquity of Man,” as well as the appendices to the 
second and third editions of that treatise. In the interval 
since 1855 I have published several supplements to the “ Ele- 
ments,” the contents of which are now incor]>orated in this 
work. This and (»thcr new matter, illu8trate<l by more than 
50 new woodcuts, has added 130 pages to the volume, which 
has thus outgrown the dimensions usually assigned to a 
Manual. I have, therefore, restored to the book its original 
title of The Elements of Geology,” under which name it 
first appeared in 1838, when it consisted <»f an cxj>ansion of 
the fourth book of my Principles of Geology,” which had 
at that time reached a fifth edition. ^ 

The Elements ” were successively re-edited, and in each 
case to a great extent recast, in the years 1842, 1851, 1852, 
and 1855. On former occasions I have given a list of the 
principal corrections and additions in which each new' edition 
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differed from it« predecessor, but I shall not attempt to offer 
the reader such a summary in the present case, fearing that 
that would prove tediously long.* 

A full index is given in this as in former editions, and 
the student will observe that all the organic remains of which 
there arc ivoodcut figures in the text are printed in italics 
in the index. 

CHARLES LYELL. 

53 IIariky Stheet, IvCKDoh: 

Dec. 2iK 1864. 


♦ Ai it is impossible to enable the reader to rccojjnize roeks and minerals at 
^ight by (till of Verbal descriptions or tiuurcs. he will do well to obtain a well- 
arranged collection of 8pe< imens, such as may be procured from Mr. Tennant 
(149 Strand), teacher of Mineralogy at Kings College, London. 
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ON THE DIFFERENT CLASSES OF ROCKS. 

Geology defined — Successive formation of the earth’s crust — Cliiwiific4ition of rocks 
according to their origin and age — Aqueous n>cks — Tlieir stratification and iin. 
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— Leading di virion of the work. 

Of what materials is the earth composed, and in what manner are 
these materials arranged? These are the first inquiries with which 
Geology is occupied, a science which derives its name from the Greek 
yfj, ge^ the earth, and \oyor, logos^ a discourse. Previously to experience 
we might have imagined that investigations of this kind would relate 
exclusively to the mineral kingdom, and to the various rocks, soils, 
and metals, which occur upon the surface of the earth, or at various 
depths beneath it. But, in pursuing such rcsearclies, we soon find 
ourselves led on to consider the successive changes which have taken 
place in the former state of the earth’s surface and interior, and the 
causes wliioh have given rise to these changes ; and, what is still 
more singular and unexpected, we soon become engaged in researches 
into the history of the animate creation, or of the various tribes of 
anintals and plants which have, at different periods of the past, in- 
habited the globe. 

All are aware that the solid parts of the earth consist of di.stinct 
substances, such as clay, chalk, sand, limestone, coal, slate, granite, 
and the like ; but previously to observation it is commonly imagined 
that all these had remained from the first in the state in which we 
now see them, — that they were created in their present form, and in 
their present position. The geologist soon comes to a different con- 
clusion, discovering proofs that the external parts of the earth were 
not all produced in the beginning of things in the state in which we 
now behold them, nor in an instant of time. On the contrary, he 
can show that they have acquired their actual configuration and con- 
dition gradually, under a great variety of circumstances, and at suc- 
cessive periods, during each of which distinct races of living beings 
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litkve flovtrished on the land and in the waters, the remains of these 
creatores still Ijring buried in the crust of the earth, 
j By the “earth’s crust,” is meant that small portion of the exterior 
pf our planet which is accessible to human observation, or on which 
Jwe are enabled to reason by observations made at or near the surface. 
[These reasonings may extend to a depth of several miles, perhaps ten 
miles; and even then it may be said, that such a thickness is no 
more than part of tlie distance from the surface to the centre. 
The remark is just; but although the dimensions of such a crust are, 
in truth, insignificant when compared to the entire globe, yet they 
are vast, and of magnificent extent in relation to man, and to the or- 
ganic beings which people our globe, lleferring to this standard of 
magnitude, the geologist may admire the ample limits of his domain, 
and admit, at tlie same time, that not only the exterior of the planet, 
but the entire earth, is but an atom in the midst of the countless 
worlds surveyed by the astronomer. 

The materials of this crust are not throvvm together confusedly; 
but distinct mineral masses, called rocks, are found to occupy definite 
spaces, and to exhibit a certain order of arrangement The term 
rock is applied indifferently by geologists to all these substances, 
whether tliey be soft or stony, for clay and sand are included in the 
term, and some have even brought peat under this denomination. 
Our older writers endeavoured to avoid offering such violence to our 
language, by speaking of the component materials of the earth as 
consisting of rocks and soils. But there is often so insensible a pas- 
sage from a soft and incoherent state to that of stone, that geologists 
of all countries have found it indispensable to have one technical 
term to include both, and in tliis sense we find rocke applied in 
French, rocca in Italian, and fehart in German. The beginner, 
however, must constantly bi^ir in mind, that the tt*rm rock by no 
means implies that a mineral mass is in an indurated or stony con- 
dition. 

The most natural and convenient mode of classifying the various 
rocks which compose the earth’s crust, is to refer, in the first place, 
to their origin, and in the second to their relative age. I shall 
therefore begin by endeavouring briefly to explain to the student 
how all rocks may bo divided into four great ehisses by reference to 
their different origin, or, in other words, by reference to the different 
circumstances and causes by which they have been produced. 

The first two divisions, which will at once be understood as natural, 
are the aqueous and volcanic, or the products of watery and those of 
igneous action at or near the surface. 

Aqmous rocks , — The aqueous rocks, sometimes called the sedi- 
mentary, or fossil iferous, cover a larger part of the earth’s surface 
than any others. These rocks are stratified^ or divided into distinct 
layers, or strata. The term stratum means simply a bed, or any 
thing spread out or strewed over a given surface ; and we infer that 
these strata have been generally spread out by the action of water, 
from what we daily see taking place near the mouths of rivers, or on 
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tbe land daring temporary inundations For, whenerer a nmnlngi 
stream charged with mad or sand, has its velocity checked, as wheii| 
it enters a lake or sea, or overflows a plain, the sediment, previonsly 
held in suspension by the motion of the water, sinks, by its own 
gravity, to the bottom. In this manner layers of mud and sand are ‘ 
thrown down one upon another. * 

If we drain a lake which has been fed by a small stream, wo fits 
quently find at the bottom a series of deposits, disposed with consi- 
derable regularity, one above the other ; the uppermost, perhaps, may f 
be a stratum of peat, next below a more dense and solid variety of 
the same material ; still lower a bed of shell-marl, alternating wdth 
peat or sand, and then other Beds of marl, divided by layers of clay. 
Now, if a second pit be sunk through the same continuous lacustrine 
formation^ at some distance from the first, nearly tlie same series of 
beds is commonly met with, yet with slight variations ; some, for ex- 
ample, of the layers of sand, clay, or marl, may be wanting, one or 
more of them having thinned out and given place to others, or some- 
times one of the masses first examined is observed to increase in 
thickness to the exclusion of other beds. 

The term format iouy^ which I liavo used in the above explana- 
tion, expresses in geology any assembluge of rocks which have some 
character in common, whether of origin, age, or compcfsition. Thus 
we speak of stratified and un stratified, freshwater and marine, aqut»ous 
and volcanic, ancient and modern, metalliferous and non-metallifcr- 
ous formations. 

In the estuaries of large rivers, such as the Ganges and the Missis- 
sippi, w^e may observe, at low water, phenomena analogous to those 
of the drained lakes above mentioned, but on a grander scale, and 
extending over areas several hundred miles in length and breadth. 
When the periodical inundations subside, the river hollows out a 
channel to the depth of many yards through horizontal beds of clay 
and sand, the ends of which are seen exposed in perpendicular cliflk 
These beds vary in their mineral composition, or colour, or in the 
fineness or coarseness of their particles, and some of them are occa- 
sionally characterized by containing drift wood. At the junction of 
the river and the sea, especially in lagoons nearly separated by sand 
bars from the ocean, def)osits are often formed in which brackish - 
water and salt-water shells are included. 

In Egypt, where the Nile is always adding to its delta by filling 
up part of the Mediterranean with mud, the newly deposited sedi- 
ment is stratified^ the thin layer thrown down in one season diflering 
slightly in colour from that of a previous yeai^ and being separable 
from it, as has been observed in excavations at Cairo, and other places.* 

When beds of sand, clay, and marl, containing shells and v^etable 
matter, are found arranged in a similar manner in the interior of the 
earth, we ascribe to them a similar origin; and the more we examine 
their characters in minute detail, the more exact do we find the re- 
semblance^ Thus, for example, at various heights and depths in the 

• See Ainciples of Geology, by the Author, Index, ** Nile,"* ** Riven,’’ Ac. 
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fATlby and often far from aeaa, lakes, and rivers, wo meet with layers 
^ronodod pebbles composed of flint, limestone, granite, or otbcr rocks, 
resembling the shingles of a sea-beaeh or the gravel in a torrent’s bed. 
Such layers of pebbles frequently akernaio with others formed 
of sand or fine sediment, just as we may see in the channel of a river 
descending from hiUs bordering a coast, where the current sweeps 
idown at one season coarse sand and gravel, while at another, when 
the waters are low and less rapid, fine mud and sand alone are 
/carried seaward.* 

If a stratified arrangement, and the rounded form of pebbles, are 
alone sufficient to lead us to the conclusion that certain rocks origi- 
nated under water, this opinion is farther confirmed by the distinct 
and independent evidence of fossih^ so abundantly included in the 
earth’s crust By a fossil is meant any body, or the traces of the 
existence of any body, whether animal or vegetable, which has been 
buried in the earth by natural causes. Now the remains of animals, 
especially of aquatic species, are found almost everywhere imbedded, 
in stratified rocks, and sometimes, in the case of limestone, they are 
in such abundance) as to constitute the entire mass of the rock itself. 
Shells and corals are the most frequent, and with them are often 
associated the bones and teeth of fishes, fragments of wood, im- 
pressions of leaves, and other organic substances. Fossil shells, of 
forms such as now abound in the sea, are met with far inland, both 
near the surface, and at great depths below it. They occur at all 
heights above tlie level of the ocean, having been observed at eleva- 
tions of more than 8000 feet in the Pyrenees, 10,000 in the Alps, 
13, (XX) in the Andes, and above 18,000 feet in the Himalaya.f 

The *.so shells belong mostly to marine testacea, but in some places 
exclusively to forms characteristic of lakes and rivers. Hence it is 
concluded that some ancient strata were deposited at the bottom of 
the sea, and others in lakes and estuaries. 

When geology was first cultivated, it was a general belief, that 
these marine shells and other fossils were tlie etlects and proofs of 
the deluge of Noah; but all who have carefully investigated the 
phenomena have long rejected this doctrine. A transient flood 
might be supposed to leave behind it, here and tliere upon the surface, 
scattered heaps of mud, sand, and shingle, with shells confusedly in- 
termixed ; but the strata containing fossils are not superficial depo- 
sits, and do not simply cover the earth, but constitute the entire mass 
of mountains. Nor are the fossils mingled without reference to the 
original habits and natures of the creatures of wliich they are the 
memorials ; those, for example, being found associated together which 
lived in deep or in shallow water, near the shore or far from it, in 
brackish or in salt water. 

It has, moreover, been a favourite notion of some modem writers, 
who were aware that fossil bodies could not all be referred to the 
deluge, that they, and the strata in which*'they are entombed, might 

• See p. IS. fig. 7. 

t Col R. J. Stracbey found oolitic fossils 18,400 ieet high in the Himalaya. 



VOLOAKtC ROCKS. 


CkL] 


6 


hare been deposited in the bed of the ocean daring the period wMch^ 
inter\"ened between the creation of man and the deluge. They have 
imagined that the antedilurian bed of the ocean, after having been 
the receptacle of many stratified deposits, became converted, at the 
time of the fiood, into the lands which we inhabit, and that the 
ancient continents were at the same time submerged, and bt^anio the 
bed of the present seas. This hypothesis, although preferable to the 
diluvial theory before alluded to, since it admits that all fossiliferous 
strata were successively thrown down from water, is yet wholly 
inadi^quate to explain the repeated revolutions which the earth has 
undergone, and the signs which the existing continents exhibit, in 
most regions, of having emerged from the ocean at an era far more 
remote than four thousand years from the present time. Ample 
proofs of these reiterated revolutions w'ill he given in the sequel, and 
it will be seen that many distinct sets of sedimentary strata, hundreds 
and sometimes thousands of feet thick, arc piled one upon the other 
in the earth’s crust, each containing peculiar fossil animals and plants 
of species distinguishable for the most part from all those now 
living. The mass of some of these strata consists almost entirely of 
corals, others are made up of shells, others of plants turned into coal, 
while some are without fossils. In one set of strata the species of 
fossils are marine; in another, lying immediately above or below, 
they as clearly prove that the deposit was formed in a lake or in a 
brackish estuary. When the student luis more fully examined into 
these appearances, he will become convinced tliat the time nKjuired 
for the origin of the rocks composing the actual continents must 
have been far greater than that which is conceded by the theory 
above alluded to; and likewise that no one universal or sudden 
conversion of sea into land will account for geological apjK^arances. 

We have now pointed out one great class of rocks, which, however 
they may vary in mineral composition, colour, grain, or other cha- 
racters, external and internal, may nevertheless be grouped together 
as having a common origin. They have all been formed under water, 
in the same manner as modern a(.’:cumulation8 of sand, mud, shingle, 
banks of shells, reefs of coral, and the like, and are all characterised 
by stratification or fossils, or by both. 

Volcanic rocks. — The division of rocks which we may next con- 
sider are the volcanic, or those which have been produced at or near 
the surface whether in ancient or modem times, not by water, but by 
the action of fire or subterranean heat. These rocks are for the 
most part unstratified, and are devoid of fossils. They are more par- 
tially distributed than aqueous formations, at^east in respect to hori- 
zontal extension. Among those parts of Europe w^here they exhibit 
characters not to be mistaken, I may mention not only Sicily and the' 
country round Naples, but Auvergne, Velay, and Vivarais, now the| 
departments of Puy de Dome, Haute Loire, and Ardeche, towards; 
the centre and south of France, in which are several hundred conical 
hills having the forms of modem volcanos, ■with craters more err less 
perfect on many of their summits. These cones are composed more- 
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[over of lava, aand, and ashes, similar to those of actiye volcanos. 

I Streams of lava may sometimes be traced from the cones into the 
adjoining valleys, where they have choked up the ancient channels of 
rivers with solid rock^ in the same manner as some modern flows of 
lava in Iceland have been known to do, the rivers either flowing 
beneath or cutting out a narrow passage on one side of the lava. 
Although none of these French volcanos have been in activity within 
the p*»riod of history or tradition, their forms are often very perfect. 
Borne, however, have been compared to the mere skeletons of vol- 
canos, the rains and torrents having washed their sides, and removed 
all the loose sand and scoriae, leaving only the harder and more solid 
materials. By this erosion, and by earthquakes, their internal struc- 

E re has occasionally been laid open to view, in fissures and ravines; 
d we then behold not only many successive beds and masses of 
rous lava, sand, and scoriae, but also perpendicular walls, or dikes, 
ias they are called, of volcanic rock, which have burst through the 
other materials. Such dikes are also observed in the structure of 
Vesuvius, Etna, and other active volcanos. They have been formed 
by the pouring of melted matter, whether from above or below, into 
open fissures, and they commonly traverse deposits of volcanic tuff, 
a substance produced by the showering down from the air, or in- 
cumbent waters, of sand and cinders, first shot up from the interior 
of the earth by the explosions of volcanic gases. 

Besides iIm 3 parts of Franco above alluded to, there are other 
countries, as the north of Spain, the south of Sicily, the Tuscan 
territory of Italy, the lower Rhenish provinces, and Hungary, where 
spent volcanos may be seen, still preserving in many cases a conical 
form, and having craters and often lava-streams connected with them. 

There are also other rocks in England, Scotland, Ireland, and 
almo>t every country in Europe, which wo infer to be of igneous 
origin, although they do not form hills with cones and craters. Thu:*, 
for example, we feel assured that the rock of Stafla, and that of the 
Giant’s Causeway, called basalt, is volcanic, because it agrees in its 
columnar structure and mineral composition with streams of lava 
which wo know to have flowed from the craters of volcanos. We 
find also similar basaltic and other igneous rocks associated with 
beds of tuffin various parts of the British Isles, and forming dikes, 
such as have been spoken of ; and some of the strata through which 
these dikes cut are occasionally altered at the point of contact, as if 
they had been exposed to the intense heat of melted matter. 

The absence of cones and craters, and long narrow streams of 
superficial lava, in England and many other countries, is principally 
to be attributed to the eruptions having been submarine, just as a 
considerable proportion of volcanos in our own times burst out 
beneath the sea. But this question must be enlarged upon more 
fully in the chapters on Igneous Rocks, in which it will also be 
shown, that as different sedimentary formations, containing each 
their characteristic fossils, have been deposited at successive periods, 
so also volcanic sand and scorias have been thrown out, and lavas 
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hare flowed orer the land or bed of the sea, at many diflbrent epochi, 
or have been injected into fissures; so that the igneous as well as 
the aqueous rocks may be classed as a chronologic^ series of menu* 
ments, throwing light on a succession of events in the history of the 
earth. 

Plutonic rocks (Granite, Ac.). — We have now pointed out the 
existence of two distinct orders of mineral masses, the aqueous and 
the volcanic: but if we examine a large portion of a continent, 
especially if it contain within it a lofty mountain range, we rarely fail 
to discover two other classes of rocks, very distinct from either of. 
those above alluded to, and which wo can neither assimilate to de- 
posits such as are now accumulated in lakes or seas, nor to those 
generated by ordinary volcanic action. The members of both these 
divisions of rocks agree in l)eing highly crystalline and destitute of 
organic remains. The rocks of one division have been called plu- 
tonic, comprehending all the granites and certain porpljyries, which 
are nearly allied in some of their characters to volcanic formations. 
The members of the other class are stratified and often slaty, and 
have been called by some the crystalline schists^ in which group ai-e 
included gneiss, micaceous-scliist (or mica-slate), hornblende-schist, 
statuary marble, the finer kinds of roofing shite, and other rocks 
afterwards to be described. 

As it is admitted that nothing strictly analogous to these crystalline 
productions can now be seen in the progress of formation on the 
earth’s surface, it will naturally be asked, on what data we can find 
a place for them in a system of classification founded on the origin of 
rocks. I cannot, in reply to this question, pretend to give the 
student, in a few’ words, an intelligible account of the long chain of 
facts and reasonings by which geologists have been led to infer the 
analogy of the rocks in question to otluTS now in progress at the 
surface. Tlie result, however, may be briefly stated. All the various 
kinds of granite which constitute the pi u tonic family, are suppost^i 
to be of igneous or aqueo-igneous origin, and to have been formed 
under great pressure, at a considerable depth in the earth, or 
sometimes, perhaps under a certain weight of incumbent ocean. 
Like the lava of volcanos, they have been melted, and afterwards 
cooled and crystallised, but with extreme slowness, and under condi- 
tions very different from those of bodies cooling in the ofien sir. 
Hence they differ from the volcanic rocks, not only by their more 
crystalline texture, but also by the absence of tuffs and breccias, 
which are the products of eruptions at the earth’s surface, or beneath 
seas of inconsiderable depth. They difier«^also by the absence of 
pores or cellular cavities, to which the expansion of the entangled 
gases gives rise in ordinary lavs. 

Although granite has often pierced through other strata, it has 
rarely, if ever, been observed to rest upon them, as if it had over- 
flowed. But as this is continually the case with the volcanic rocks, 
they have been styled, from this peculiarity. “ overlying ” by Dr. Mac 
Ctdloch ; and Mr. Necker has proposed the term underlying ** for 
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the gmnitesy to designate the opposite mode in which they almost 
invariably present themselves. 

Meiamorphic^ or BiratiJUd cry$taUim rocki . — The fourth and last 
great division of rocks are the crystalline strata and slates, or schists, 
called gneiss, mica-schist, clay-slate, chlorite-schist, marble, and the 
like, the origin of which is more doubtful than that of the other three 
classes. They contain no pebbles, or sand, or scoriae, or angular 
pieces of imbedded stone, and no traces of organic bodies, and they 
are often as crystalline as granite, yet are divided into beds, corre- 
sponding in form and arrangement to those of sedimentary formations, 
and are therefore said to be stratified. The beds sometimes consist 
of an alternation of substances varying in colour, com[K)sition, and 
thickness, j)recisely as we sec in stratified fossiliferous deposits. Ac- 
cording to the lluttonian theory, which 1 adopt as the most probable, 
and which will be afterwards more fully explained, the materials of 
these strata were originally deposited from water in the usual form 
of sediment, but they were subsequently so altered by subterranean 
heat, as to assume a new texture. It is demonstrable, in some ca 8(?3 
at least, that such a complete conversion has actually taken place, 
fossiliferous strata having exchanged an earthy for a highly crys- 
talline texture for a distance of a quarter of a mile from their contact 
with granite. In some cases, dark limestones, replete with slndls and 
corals, have been turned into white statuary marble, and hard clays, 
containing vegetable or other remains, into slates culled mica-schist 
or hornblende-schist, every vestige of the organic bodies having been 
obliterated. 

Although we are in a great degree ignorant of the precise nature 
of the influence exerted in these cases, yet it evidently bears some 
analogy to that which volcanic heat and gases are known to pro- 
duce ; and the action may be conveniently called plutonic, because it 
appears to have been developed in those regions where plutonic 
rocks are generated, and under similar circumstances of pressure and 
depth in the earth. How far hot water or steam permeating stra- 
tified masses under great pressure has co-operated to produce the 
crystalline texture, may be matter of speculation, but it is clear 
that the plutonic influence has sometimes pervaded entire mountain 
masses of strata. 

In accordance with the hypothesis above alluded to, I proposed in 
the first edition of the Principles of Geology (1833), the term 

Mctamorphic ” for the altered strata, a term derived from ^cra, 
meta, tranSy and fiop<l>rjy morphe, /orma. 

Hence there are four great classes of rocks considered in reference 
to their origin, — the aqueous, the volcanic, the plutonic, and the 
meiamorphic. In the course of this work it will be shown, that 
portions of each of these four distinct classes have originated at 
many successive periods. They have all been produced contem- 
poraneously, and may even now be in the progress of formation on a 
large scale. It is not true, as was formerly supposed, that all granites, 
together with the crystalline or metamorphic strata, were first formed, 
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and therefore entitled to be called primitive^” and that the aqneona 
and Tolcanic rocks were afterwards super^iinposed, and should, there- 
fore, rank as secondary in the order of time. This idea was adopUMl 
in the infancy of the science, when all formations, whether stratified 
or unstratifi^, earthy or crystalline, with or without fossils, were 
alike regarded as of aqueous origin. At that period it was naturally 
argued, that the foundation must be older than the supc'rstructure ; 
but it was afterwards discovered, that this opinion was by no means 
in every instance a legitimate deduction from facts ; for tlie inferior 
parts of the earth’s crust have often been modified, and even entirely 
changed, by the influence of volcanic and other subterranean caust^s, 
while super-imposed formations have not bc^en in the slightest tlegreo 
altered. In other words, the destroying and renovating processes 
liave given birth to new rocks b(*low, wdiile thosi^ above, whetlier 
crystalline or fossiliferous, have remained in their ancient condition. 
Even in cities, such as Venice and Amsterdam, it cannot 1)0 laid 
down as universally true, that the upper parts of each edifice, whether 
of brick or marble, are more modern than the foundations on which 
they rest, for these often consist of wooden piles, which may have 
rotted and been replaced one after the other, without the least injury 
to the buildings above ; meanwhile, these may have n^piired scarcely 
any repair, and may have Wen constantly inhabited. So it is with the 
habitable surface of our glol>e, in its relation to large masses of rock 
immediately below : it may continue the same for ages, wliilo sub- 
jjicent materials, at a great depth, are ])as8ing from a solid to a fluid 
slate, and then reconsolidating, so as to acquire a new texture. 

As all the crystalline rocks may, in sonic respects, he view'cd as 
belonging to one great family, whether they be strntilied or un- 
stratified, metamorphic or plutonic, it will often be convenient to 
speak of them by one common name. It being now ascertained, as 
above stated, that they are of very different ages, sometimes newer 
than the strata called secondary, the terms primitive and primary 
wdiich were formerly used for the whole must be abandoned, as they 
would imply a manifest contradiction. It is indispensable, therefore, 
to find a new name, one 'which must not be of chronological injport, 
and must express, on the one band, some peculiarity equally attribu- 
table to granite and gneiss (to the plutonic as well as the altered 
rocks), and, on the other, must have reference to characters in wdnch 
those rocks differ, both from the volcanic and from the unaltered 
sedimentary strata. I proposed in the Principles of Geology (first 
edition, vol. iii.), the term ^hypogenc” for tliis purpose, derived from 
VITO, under, and ytro/xac, to be, or to be born word inq)lying the 
theory that granite, gneiss, and the other crystalline formations are 
alike netherformed rocks, or rocks which hare not assumed their 
present form and structure at the surface. They occupy the lowest 
place in the order of superposition. Even in regions such as the Alps, 
where some masses of granite and gneiss can be shown to be of com- 
paratively modem date, belonging, for example, to the period here^ 
after to be described as tertiary, they are still underlying rocks. 
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They nerer repose on the volcanic or tmppean formations, nor on 
strata containing organic remains. They are hypogentj as being 
under all the rest 

From what has now been said, the reader will understand that 
each of the four great classes of rocks may be studied under two 
distinct [>oints of view; first, they may be studied simply as mineral 
masses deriving their origin from particular causes, and having a 
certain composition, form, and position in the earth’s crust, or other 
characters lK>th positive and negative, such as the presence or absence 
of organic remains. In the second place, the rocks of each class may 
be viewed as a grand chronological series of monuments, attesting a 
succession of events in the former history of the globe and its living 
inhabitants. 

I shall accordingly proceed to treat of each family of rocks ; first, 
in reference to those characters which are not chronological, and then 
in particular relation to tlie several periods when they were formed. 


CHAPTER IL 

AQUEOUS ROCKS — THEIR COMPOSITION AND FORMS OP STRATIFI- 
CATION. 

Mineral composition of strata — Arenaceous rocks — Argillaceous — Calcareous^ 
Gypsum — Ft)rms of stratification — Original horixontality — Thinning out — Dia- 
gonal arranguinont liipplc mark. 

In pursuance of the arrangement explained in the last chapter, we 
shall l>(*gin by examining the aqueous or sedimentary rocks, which 
are for the most part distinctly stratified, and contain fossils. We 
may first study them with reference to their mineral composition, 
external appearance, position, mode of origin, organic contents, and 
Other characters which belong to them as aqueous formations, inde- 
pendently of their age, and we may afterwards consider them chrono- 
logically or with reference to the successive geological periods when 
they originated. 

I have already given an outline of the data which led to the belief 
that the stratified and fossiliferous rocks were originally deposited 
under water ; but, liefore entering into a more detailed investigation, 
it will be desirable to say something of the ordinary materials of which 
such strata are composed. These may be said to belong principally 
to three divisions, the arenaceous, the argillaceous, and the calca- 
reous, which are formed respectively of sand, clay, and carbonate of 
lime. Of these, the arenaceous, or sandy masses, are chiefly made 
up of siliceous or flinty grains; the argillaceous, or clayey, of a 
mixture of siliceous matter, with a certain proportion, about a fourth 
in weight, of aluminous earth ; and, lastly, the calcareous rocks or 
limestones consist of carbonic acid and lime. 
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Arenaeews or sUiceom rocks. — To speak first of the $mdj dirl- 
fion: beds of loose sand are frequently met with, of which the grains 
consist entirelf of silex, which term comprehends all purely siliceous 
minerals, as quartz and common flint Quarts is silex in its purest 
form. Flint usually contains some admixture of alumina and oxide of 
iron. The siliceous grains in sand are usually rounded, as if by the 
action of running water. Sandstone is an aggregate of such grains, 
which often cohere together without any visible cement, but more 
commonly are bound together by a slight quantity of siliceous or 
calcareous matter, or by oxide of iron or clay. 

Pure siliceous rocks may l)e known by not effcrv'cscing when a 
drop of nitric, sulphuric or other acid is applied to them, or by the 
grains not being readily scratched or broken by ordinary pressure. 
In nature there is every intermediate gradation, from perfectly loose 
sand, to the hardest sandstone. In mtcaceot/s sandstoms mica is 
very abundant; and the thin silvery plates into which that mineral 
divides, are often arranged in layers parallel to the planes of strati- 
fication, giving a slaty or laminated texture to the rock. 

When sandstone is coarse-grained, it is usually called grit If the 
grains are rounded, and large enough to be called pebbles, it l^ecoines 
a conglomerate or pudding -stone y which may consist of pieces of one 
or of many different kinds of rock. A conglomerate, therefore, is 
simply gravel bound together by a cement. 

Argillaceous rocks. — Clay, strictly speaking, is a mixture of silex 
or flint with a large proportion, usually about one fourth, of alumina, 
or argil ; but in common language, any earth which possessc^s suffi- 
cient ductility, when kneaded up with water, to be fashioned like 
paste by the hand, or by the potter’s lathe, is called a dag; and such 
clays vary greatly in their composition, and are, in general, nothing 
more than mud derived from the decomposition or wearing down of 
rocks. The purest clay found in nature is porcelain clay, or kaolin, 
which results from the decomposition of a rock composed of fidspar 
and quartz, and it is almost always mixed with quartz.* Shale has 
also the property, like clay, of becoming plastic in water: it is a*more 
solid form of clay, or argillaceous matter, condensed by pressure. It 
always divides into laminae more or less regular. 

One general character of all argillaceous rocks is to give out a 
peculiar, earthy odour when breathed upon, which is a test of the 
presence of alumine, although it does not belong to pure aluminc, 
but, apparently, to the combination of that substance with oxide of 
iron.f 

Calcareous rocks . — This division comprellends those rocks whicli, 
like chalk, are composed chiefly of lime and carbonic acicL Shells 
and corals are also formed of the same elements, with the addition 

• The kaolin ofChinaconaist* of 71'15 nearly equal parts of silica and alumine, 
parts of silex, 15*86 of ahimme, 1*92 of with I per cent, of magnesia. (FhlL 
and 6*73 of water (W. Hiillips, Mag. vof. x. J837.) 

Mineralogy, p. 33.); hut other TOrcelain f See W. Phillips’s Mineralogy, “ Ala- 
clays differ materially, that of &mwall mine.” 
he&g composed, according to Boase, of 
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of animiil matter. To obtain pure lime it is necessary to calcine 
these calcareous substances, that is to say, to expose them to heat of 
sufficient intensity to drive off the carbonic acid, and other Tolatile 
matter. White chalk is sometimes pure carbonate of lime ; and this 
rock, although usually in a soft and earthy state, is occasionally 
sufficiently solid to be used for building, and even passes into a 
compact stone, or a stone of which the separate parts are so minute 
as not to 1)6 distinguishable from each other by the naked eye. 

Many limestones are made up entirely of minute fragments of 
shells and coral, or of calcareous sand cemented together. These 
last might be callcKl ** calcareous sandstones ; ” but that term is more 
prof)erly a})|>lied to a rock in which the grains are partly calcareous 
and partly silic^eous, or to quartzose sandstones, having a cement of 
carbonate of lime. 

The variety of limestone called “oolite” is composed of numerous 
small egg-like grains, resembling tho roe of a fish, each of which has 
usually a small fragment of sand as a nucleus, around which con- 
centric layers of calcareous matter have accumulated. 

Any limestone which is sufficiently hard to take a fine polish is 
called marhU. Many of these arc fossiliferous ; but statuary marble, 
which is also calh*d saccluiroid limestone, as having a texture re- 
sembling that of loaf-sugar, is devoid of fossils, and is in many cases 
a member of the in<*tamorphic series. 

Siliceous limestone is an intimate mixture of carbonate of lime and 
flint, and is harder in proportion as the flinty matter predominates. 

llio presence of carbonate of lime in a rock may be ascertained 
by applying to the .surface a small drop of diluted sulphuric, nitric, 
or muriatic acids, or strong vinegar ; for the lime, having a greater 
chemical affinity for any one of these acids than for the carbonic, 
unites immediat(dy with them to form new compounds, thereby be- 
coming a Hulpiiate, nitrate, or muriate of lime. The carbonic acid, 
when tlius liberated from its union with the lime, escapes in a gaseous 
form, and froths nj) or eflervesces as it makes its way in small bubbles 
through tlio drop of This effervescence is brisk or feeble in 

proportion as the iiniestone is pure or impure, or, in otlier words, 
according to the quantity of foreign matter mixed with the carbonate 
of lime. Without the aid of this test, the most experienced eye 
cannot always detect the presence of carbonate of lime in rocks. 

The above-mentioned three classes of rocks, the siliceous, argil- 
laceous, and calcareous, pass continually into each other, and rarely 
occur in a perfectly separate and pure form. Thus it is an exception 
to the general rule to meet with a limestone as pure as ordinary 
white chalk, or with clay as aluminous as that used in Cornwall for 
porcelain, or with sand so entirely composed of siliceous grains as the 
white sand of Alum Bay in the Isle of Wight, or sandstone so pure 
as the grit of Fontainebleau, used for pavement in France. More 
commonly we And sand and clay, or clay and marl, intermixed in the 
same mass. When the sand and clay are each in considerable 
quantity, the mixture is called loam. If there is much calcareous 
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matter in it is called mart; but this term has anfortunately beett 
used so vaguely, as often to be very ambiguous. It has been applied 
to substances in which there is no lime ; as, to that red loam usually 
called red marl in certain parts of England. Agriculturists were 
in the habit of calling any soil a marl, which, like true marl, fell to 
pieces readily on exposure to the air. Hence arose the confusion of 
using this name for soils which, consisting of loam, were easily 
worked by the plough, though devoid of lime. 

Marl date bears the same relation to marl which shale bears to 
clay, being a calcareous shale. It is very abundant in some countries, 
as in the Swiss Alps. Argillaceous or marly limestone is also of 
common occurrence. 

There are few other kinds of rock which enter so largely into the 
composition of sedimentary strata as to make it necessary to dwell 
here on their characters. I may, however, mention two others, — 
magnesian limestone or dolomite, and gypsum. Magnesian limesU}ne 
is composed of carbonate of lime and carbonate of magnesia; the 
proportion of the latter amounting in some castes to nearly one half. 
It effervesces much more slowly and feebly w-ith acids than common 
limestone. In England this rock is generally of a yellowish colour ; 
but it varies greatly in mineralogical character, passing from an 
earthy state to a w’hite compact stone of great hardness. Dolomite^ 
so common in many parts of Germany and France, is also a variety 
of magnesian limestone, usually of a granular textiin?. 

Gypsum, — Gypsum is a rock composed of sulphuric acid, lime, 
and water. It is usually a soft whitish-yellow rock, with a texture 
resembling that of loaf-sugar, but sometimes it is entirely com[K)8<Mi 
of lenticular crystals. It is insoluble in acids, and does not effervesce 
like chalk and dolomite, because it does not contain carbonic acid 
gas, or fixed air, the lime being already combined with sulphuric 
acid, for which it has a stronger affinity than for any other. An- 
hydrous gypsum is a rare variety, into which water dofis not enter 
as a component part. Gypseous marl is a mixture of gypsum and 
marl. Alabaster is a granular and compact variety of gypsum found 
in masses large enough to bo used in sculpture and architecture. It 
is sometimes a pure snow-white substance, as that of Voltcrra in 
Tuscany, well known as being carved for works of art in Florence 
and Leghorn. It is a softer stone than marble, and more easily 
wrought. 

Forms of stratijication . — A series of strata sometimes consists of 
one of the above rocks, sometimes of two or more in alternating beds. 

Thus, in the coal districts of England, for Example, wo often pass 
through several beds of sandstone, some of finer, others of coarser 
grain, some white, others of a dark colour, and below these, layers 
of shale and sandstone or beds of shale, divisible into leaf-like laminse, 
and containing beautiful impressions of plants. Then again we meet 
with beds of pure and impure coal, alternating with shales and sand- 
stones, and underneath the whole, perhaps, are calcareous strata, or 
beds of limestone, filled with corals and marine shellsi each bed dis- 
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tinguishftble from another by certain foaslK or by the abundance of 
particular species of shells or zoophytes. 

This alternation of diderent kinds of rock produces the most dig. 
tinct stratidcation ; and we often find beds of limestone and marb 
conglomerate and sandstone* sand and clay* recurring again and again, 
in nearly regular order, throughout a series of many hundred strata. 
The causes which may produce these phenomena are various, and 
have been fully discussed in my treatise on the modern changes of 
the earth’s surface. • It is there seen that rivers flowing into lakes 
and seas are charged with sediment* varying in quantity, composition* 
colour, and grain according to the seasons ; the waters are sometimes 
dooded and rapid, at other periods low and feeble ; different tribu- 
taries, al.HO, draining peculiar countries and soils, and therefore 
eharg(Mi with |M'culiar sediment, are swollen at distinct periods. It 
was also sliown that the waves of the sea and currents undermine the 
(diffs during wintry storms, and sweep away the materials into the 
deep, after which a season of tranquillity succeeds, when nothing but 
the finest mud is spread by the movements of the ocean over the 
same submarine area. 

It is not tlie object of the present work to give a description of 
these operations, repeated as they are, year after year, and century 
after century ; but 1 may suggest an explanation of the manner in 
which some micaceous sandstones have originated, namely, those in 
which we see innumerable thin layers of mica dividing layers of fine 
quartzose sand. I observed the same arrangement of materials in 
recent mud d(‘posi(od in tlie estuary of La Roche St. Bernard in Brit- 
tany, at the mouth of the Loire. The surrounding rocks are of gneiss, 
which, by its waste, supplies the mud: when this dries at low water, 
it is found to consist of brown laminated clay, divided by thin seams 
of mica. Tln^ separation of the mica in this case, or in that of mica- 
ceous sandstones, may bo thus understood If we take a handful of 
quartzose sand, mixed with mica, and throw it into a clear running 
stream, wo st^e the materials immediately sorted by the water, the 
grains of quartz falling almost directly to the bottom, while the plates 
of mica take a much longer time to reach the bottom, and are carried 
farther down the stream. At the first instant the water is turbid, but 
immediately after the flat surfaces of the plates of mica are seen all 
alone reflecting a silvery light, as they descend slowly, to form a dis- 
tinct micaceous lamina. The mica is the heavier mineral of the two ; 
but it remains a longer time suspended in the fluid, owing to its 
greater extent of surface. It is easy, therefore, to perceive that 
where such mud is acted upon by a river or tidal current, the thin 
plates of mica will be carried farther, and not deposited in the same 
])laees as the grains of quartz ; and since the force and velocity of the 
stream varies from time to time, layers of mica or of sand will be 
thrown down successively on the same area. 

Original horizontedity , — It is said generally that the upper and 

• Consult Index to Principles of Geology, •‘Stratification,** “ Correnta,** 
“ Deltas,” “ Water,” &c. 
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under surface* of strata, or the planes of stratification,” are parallel. 
Although this is not strictly true, they make au approach to parallelism, 
for the same reason that sediment is usually deposited at first in nearly 
horixontal layers. Such an arrangement can by no means Ik? attri- 
buted to an original erenness or horizontality in the bed of the sea: 
for it is ascertained that in those places where no matter has lH?eu 
recently deposited, the bottom of the ocean is often as uneven as that 
of the dry land, having in like manner its hills, valleys, and ravines. 
Yet if the sea should sink, or the water be removed near the mouth 
of a large river where a delta has been forming, we should S(*e 
extensive plains of mud and sand laid dry, which, to the eye, would 
appear perfectly level, although, in reality, they would slope gently 
from the land towards the sea. 

This tendency in newly-formed strata to assume a horizontal fmsi- 
tion arises principally from the motion of the water, which forces 
along particles of sand or mud at the bottom, and causes tluun to 
settle in hollows or depressions where they are less exposed to the 
force of a current than when they are resting on elevated points. 
The velocity of the current and the motion of the superficial waves 
diminish from the surface downwards, and are least in those depres- 
sions wdiere the water is deepest. 

A good illustration of the principle here alluded to may ho 
somotiiues seen in the neighbourhood of a volcano, when a section, 
whether natural or artificial, has laid open to \ievv a succession of 
various-coloured layers of sand and a.^hes, which have fallen in 
showers upon uneven ground. Thus let A B (fig. 1.) be two ridges, 
with an intervening valley. These original inecpialities of the 
surface have been gradually efifaced by bi^ds of sand and ashes 
r, dy Cy the surface at e being quite level. It will be that, 
although the inaterijils of the first layers have accoinmodar(‘d them- 
selves in B great degree to the shape 
of tin* ground A B, yet e?aeh bed is 
thicke.st at the bottom. At first a 
great many j)articlcs would lx‘ carried 
by their own gravity down tlie steep 
sides of A and B, and others w'’ould afterw ards be blown by the wind 
as they fell off the ridges, and w'ould settle in the hollow*, which 
would thus become more and more effaced as the strata accumulated 
from c to €. This levelling operation may perhaps l>e rendered more 
clear to the student by supposing a number of parallel trenches to l>c 
dug in a plain of moving sand, like the African desc?rt, in w hich ease 
the wind would soon cause all signs of thcae^trenches to diHaf)|war, 
and the surface would be a.s uniform as before. Now, water in 
motion can exert this levelling power on similar materials more 
easily than air, for almost all stones lo.se in water more than a third 
of the weight which they have in air, the specific gravity of rocks 
being in general as 2i when compared to that of w ater, which is 
estimated at 1. But the buoyancy of sand or mud would be still 
greater in the sea^ as the density of salt water exceeds that of fresh. 


Fig. 1. 
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Tct, however uniform and horizontal may be the surface of new 
deposits in general, there are still many disturbing causes, such as 
eddies in the water, and currents moving first in one and then in 
another direction, which frequently cause irregularities. We may 
sometimes follow a bed of limestone, shale, or sandstone, for a dis- 
tance of many hundred yards continuously ; but we generally find 
at length that each individual stratum thins out, and allows the beds 
which were previously above and below it to meet. If the materials 
are coarse, as in grits and conglomerates, the same beds can rarely 
be traced many yards without varying in size, and often coming to an 
end abruptly. (See fig. 2.) 

Fig. 2. 



Section of strata of landstono, grit, and conglomerate. 


Diagonal or cross stratification. — There is also another phe- 
nomenon of frequent occurrence. We find a series of larger strata, 
each of which is composed of a number of minor layers placed 


Fig. 3. 



Section of *and at Sandy Hill, near Biggletwade, Bisifordabire. 
Height 20 feet. ^Greeu-iand formaiion.) 


obliquely to tlie general planes of stratification. To this diagonal 
arrangement the name of “false or cross bedding*’ has been 
given. Thus in the annexed section (fig. 3.) we see seven or eight 
large beds of loose sand, yellow and brown, and the lines a, 6, c, 
mark some of the principal planes of stratification, which are nearly 
horizontal. But the greater part of the subordinate laminae do not 
conform to these planes, but have often a steep slope, the inclination 
being sometimes towards opposite points of the compass. When the 
sand is loose and iucoherent^ as in the case here represented, the 
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devMtkm ttom paraUelism of ih» alantiiig lamina eaimol possiblj be 
aooouQted for hj anj re-arrangement of the particles acquired during 
tbe consolidation of the rock. In what manner then can such irre- 
gohkrities be due to original deposition ? We must suppose that at 
the bottom of the sea, as well as in the beds of rivers, the motions of 
waves, currents, and eddies often cause mud, sand, and gravel to be 
thrown down in heaps on particular spots instead of being spread 
out uniformly over a wide area. Sometimes, when banks are thus 
formed, currents may cut passages through them, just as a river 
forms its bed. Suppose the bank A (fig. 4.) to be thus formed with 


Fig. 4. 
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a steep sloping side, and the water being in a tranquil state, the layer 
of sediment No. 1. is thrown down upon it, conforming nearly to its 
surface. Afterwards the other layers, 2, 3, 4, may be deposited in 
succession, so that the bank B C D is formed. If the current then 
increases in velocity, it may cut away the upper portion of this mass 
down to the dotted line e (fig. 4.), and deposit the materials thus 
removed farther on, so as to form the layers 5, 6, 7, 8. We have 
now the bank B C D £ (fig. 5.), of which the surface is almost level 

rif.ft. 

D 


and on which the nearly horizontal layers, 9, 10, 11, may then 
accumulate. It was shown in fig. 3. that the diagonal layers of suc- 
cessive strata may sometimes have an opposite slope. This is well 
seen in some cliffs of loose sand on the Suffolk coast. A portion 

of One of these is represented in 
fig. 6., where the layers, of which 
there are about six in the thick- 
ness of an inch, are composed of 
quartzose grains. This arrange- 
ment may have been due to the 
altered direction of the tides and 
cuir between Mifiner and Dunwicb. Currents itt the Same place. 

The description above given of the slanting position of the minor 
layers constituting a aingle stratum is in certain cajses applicable on a 
much grander scale to masses several hundred feet thick, and many 
miles in extent. A fine example may be seen at the base of the 
Maritiine Alps near Nice. The mountains here terminate abruptly 

c 


Fig. 6. 
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in the so that a depth of one hundred fathoms is often fonnd 
within a stone’s throw of the beach, and sometimes a depth of 3000 
feet within half a mile. But at eenain points, strata of sand, marl, 
or conglomerate, intervene between the shore and the mountains, as 
in the annexed fig. (7.), where a vast succession of slanting beds 
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A. Dolomite and Mndftone. (Gre«n*«and formation ?) 
a. b.d. Ucdi of gravel and tand. 

. c. Fine marl ana land of Ste. Madeleine, with marine thellt. 

of gravel and sand mav be traced from the sea to Monte Calvo, a 
distance of no less than 9 miles in a straight line. The dip of these 
beds is remarkably uniform, being always southward or towards the 
Mediterranean, at an angle of about 25®. They are exposed to view 
in nearly vertical precipices, varying from 200 to 600 feet in height, 
which bound the valley through which the river Magnan flows. 
Although, in a general view, the strata appear to be parallel and 
uniform, they arc nevertheless found, when examined closely, to be 
wedge-shaped, and to thin out when followed for a few hundred feet 
or yards, so that we may suppose them to have been thrown down 
originally upon the side of a steep bank where a river or alpine 
torrent discharged itself into a deep and tranquil sea, and formed a 
della, which advanced gradually from the base of Monte Calvo to a 
distance of 9 miles from the original shore. If subsequently this 
part of the Alps and bed of the sea were raised 700 feet, the coast 
would acquire its present configuration, the delta would emerge, and 
a deep channel might then be cut through it by a river. 

It is well known that the torrents and streams, which now descend 
from the alpine declivities to the shore, bring down annually, when 
the snow melts, vast quantities of shingle and sand, and then, as they 
subside, fine mud, while in summer they are nearly or entirely dry ; 
so that it may be safely assumed, that deposits like those of the valley 
of the Magnan, consisting of coarse gravel alternating with fine 
sediment, are still in progress at many points, as, for instance, at the 
mouth of the Var. They must advance upon the Mediterranean in 
the form of great shoals terminating in a steep talus ; such being the 
original mode of accumulation of all coarse materials conveyed into 
deep water, especially where they are composed in great part of 
pebbles, which cannot be transported to indefinite distances by cur- 
rents of moderate velocity. By inattention to facts and inferences 
of this kind, a very exaggerated estimate has sometimes been made 
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of tlte swppoied depth of the ancient ocean. There can be no doubt, 
for example, that the strata o, fig. 7., or those nearest to Monte 
Calvo, are older than those indicated hy &, and these again were 
formed before e ; but the vertical depth of gravel and sand in any 
one place cannot be proved to amount even to 1000 feet, although 
it may perhaps be much greater, yet probably never exceeding at 
any point 3000 or 4000 feet. But were we to assume that all the 
strata were once horizontal, and that their present dip or inclination 
was due to subsequent movements, we should then be forced to con- 
clude, that a sea several miles deep had been filled up with alternate 
layers of mud and pebbles thrown down one upon another. 

In the locality now under consideration, situated a few miles to the 
west of Nice, there are many geological data, the details of tvhich 
cannot be given in this place, all leading to the opinion, that when 
the deposit of the Magnan was formed, the shape and outline of the 
alpine declivities and the shore greatly resembled what we now 
behold at many points in the neighbourhood. That the K'ds, a, c, </, 
are of comparatively modern date is proved by this fact, that in seams 
of loamy marl intervening between the pebbly beds are fossil shells, 
lialf of which belong to species now living in the Mediterranean. 

Ripple mark , — The ripple mark, so common on the surface of 
sandstones of all ages (see fig. 8.), and which is so often seen on the 


Fig 8. 



Siftb of npple.ia.irke(l (new red) ^and^tone from Chokhirc. 


sea-shore at low tide, seems to originate in the drifting of materials 
along the bottom of the water, in a manner very similar to that which 
may explain the inclined layers above described. This ripple is not 
entirely confined to the beach between high and low water mark, but 
is also produced on sands which are constantly covered by water. 
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Siaukr undulmting ridges and furrows may also be sometimes seen 
on Ae surface of drift snow and blown sand* The following is the 
manner in which I once observed the motion of the air to produce 
this effect on a large extent of level beach, exposed at low tide near 
Calais. Clouds of fine white sand were blown £rom the neighbour* 
ing dunes, so as to cover the shore, and whiten a dark level sur- 
face of sandy mud, and this fresh covering of sand was beautifully 
rippled. On levelling all the small ridges and furrows of this ripple 
over an area of several yards square, I saw them perfectly restored in 
about ten minutes, the general direction of the ridges being always at 
right angles to that of the wind. The restoration began by the ap- 
pearance here and there of small detached heaps of sand, which soon 
lengthened and joined together, so as to form long sinuous ridges with 
intervening furrows. Each ridge had one side slightly inclined, and 
the other steep ; the Icc-side being always steep, as e, — e ; the 
windward-side a gentle slope, as o, b, — c, cf, fig. 9. When a gust of 
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wind blew with sufficient force to drive along a cloud of sand, all 
the ridges w'ero seen to be in motion at once, each encroaching on 
the furrow before it, and, in the course of a few minutes, filling the 
place which the furrows had occupied. The mode of advance was 
by the continual drifting of grains of sand up the slopes a b and c 
many of which grains, when they arrived at h and fell over the 
scarps h c and d e, and were under shelter from the wind *, so that 
they remained stationary, resting, according to their shape and mo- 
mentum, on different parts of the descent, and a few only rolling to 
the bottom. In this manner each ridge was distinctly seen to move 
slowly on as often as the force of the wind augmented. Occasionally 
part of a ridge, advancing more rapidly than the rest, overtook the 
ridge immediately before it, and became confounded with it, thus 
causing those bifurcations and branches which are so common, and 
two of which are seen in the slab, fig. 8. We may observe this con- 
figuration in sandstones of all ages, and in them also, as now on 
the sea-coast, we may often detect two systems of ripples interfering 
with each other ; one more* ancient and half effaced, and a newer one, 
in which the grooves and ridges are more distinct, and in a different 
direction. This crossing of two sets of ripples arises from a change 
of wind, and the new direction in which the waves are thrown on the 
shore. 

llie ripple mark is usually an indication of a sea-beach, or of 
water from 6 to 10 feet deep, for the agitation caused by waves even 
during storms extends to a very slight depth. To this rule, however, 
there are some exceptions, and recent ripple marks have been ob- 
served at the depth of 60 or 70 feet It has also been ascertained that 
currents or large bodies of water in motion may disturb mud and 


Cm. in,) ORADUAL DEPOSITION INDICATED NT POSSILS. 21 

iand at th« depth of 800 or even 450 feet.* Beach ripple, howeyer, 
ma/ uiuaily be distinguished from current ripple by frequent changes 
in its direction. In a slab of sandstone, not more than an inch thick, 
the furrows or ridges of an ancient ripple may often be seen in several 
successive lamina? to run towards different points of the compass. 


CHAPTER HL 

ARRANQSMEirr OT FOSSILS IN STRATA — FRESHWATER AND NARINE. 

8ucrc«sive deposition indicated by fossUs — Limestones formed of corals and shells — 
I^roofs of gradual increase of strata derived from fossils — Scrj>ula attached to 
spatangns — Wood bored by teredina — lYipoli and semi-opal fonned of inhisoria 
— Chalk derived principally from organic bodies — Distinction of freshwater from 
marine formations — Genera of freshwater end land shells — Rules for recognising 
marine teetacea — Gyrogonite and chara — Freshwater fishes — Alternation of 
marine and freshwater deposits — Lym- Fiord. 

Having in the last chapter considered the forms of stratification so 
far as they are determined by tlie arrangement of inorganic matter, 
we may now turn our attention to the manner in which organic re- 
mains are distributed through stratified deposits. We should often 
bo unable to detect any signs of stratification or of successive deposi- 
tion, if particular kinds of fossils did not occur here and there at 
certain depths in the mass. Atone level, for example*, univalve shells 
of some one or more species predominate ; at another, bivalve shells; 
and at a third, corals ; while in some formations we find layers of 
vegetable matter, commonly derived from land plants, separating 
strata. 

It may appear inconceivable to a beginner how mountains, several 
thousand feet thick, can have become filled with fbssils from top to 
bottom ; but the difficulty is removed, when he reflects on the origin 
of stratification, as explained in the last chapter, and allows sufficient 
time for the accumulation of sediment. He must never lose sight of 
the fact that, during the process of deposition, each separate layer 
was once the uppermost, and covered immediately by the water in 
which aquatic animals lived. Each stratum in fact, liowever far it 
may now lie beneath the surface, was once in the state of shingle, or 
loose sand or soft mud at the bottom of the in which shells and 
other bodies easily became enveloped. 

By attending to the nature of these remains, we are often enabled 
to determine whether the deposition was slow or rapid, whether it 
took place in a deep or shallow sea, near the shore or far from land, 
and whether the water was salt, brackish, or fresh. Some limestones 
consist almost exclusively of corals, and in many cases it is evident 

• Edin. New PhiL Joum. voL xxxL; and Darwin, Vole. Is la n di, p. 1S4. 
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that the present position of each fossil aoophyte has been determined 
by the manner in which it grew originally. The axis of the corals 
for example, if its natural growth is erect, still remains at right angles 
to the plane of stratification. If the stratum be now horizontal, tbo 
round spherical heads of certain species continue uppermost, and 
their points of attachment are directed downwards. This arrange- 
ment is sometimes rep(*ated throughout a great succession of strata. 
From what we know of the growth of similar zoophytes in modern 
reefs, we infer that the rate of increase was extremely slow, and some 
of the fossils must have flourislied for ages like forest trees, before 
they attained so large a size. During these ages, the water remained 
clear and transparent, for such corals cannot live in turbid water. 

In like manner, when we see thousands of full-grown shells dis- 
persed every where throughout a long series of strata, we cannot 
doubt that time was required for the multiplication of successive 
generations ; and the evidence of slow accumulation is rendered more 
striking from tlie proofs, so often discovered, of fossil bodies having 
lain for a time on the floor of the ocean after death before they were 
imbedded in sediment. Nothing, for example, is more common than 
to see fossil oysters in clay, with serpulae, or barnacles (acorn-shells), 
or corals, and other creatures, attached to the inside of the valves, so 
that the mollusk was certainly not buried in argillaceous mud the 
moment it died. There must have l)een an interval during which it 
was still surrounded with clear water, when the creatures whose re- 
mains now adhere to it, grew from an embryo to a mature state. 
Attached shells which are merely ext(*rnal, like some of the ser- 
pulaa (a) in the annexed figure (fig. 10.), may often have grown 
ujion an oyster or other shell while the animal within was still living; 



but if they are found on the inside, 
it could only happen after the 
deatli of the inhabitant of the shell 
which affords tlie support. Thus, 
in fig. 10., it will bo seen that two 
serpulm have grown on the inte- 
rior, one of them exactly on the 
place where the adductor muscle 
of the GrifphfJBa (a kind of oyster) 
was fixed. 

Some fossil shells, even if simply 
attached to the outside of others, 
l>ear full testimony to the conclu- 
sion above alluded to, namely, that 
an interval elapsed between the 
death of the creature to whose 
shell they adhere, and the burial of 
the same in mud or sand. The sea- 
urchins or Echini^ so abundant in 
white chalk, afford a good illustra- 
tion. It is well known that these 
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animals, when lining, are invariablj covered with numerous sucken, 
or gelatinous tubes, called ^^ambulacral,’’ because they serve as organs 
of motion* They are also armed with spines supported by rows of 
tubercles. These last are only seen after the death of the sea-urchin, 
wlien the spines have dropped off. In fig. 12, a living species of 
Es, common on our coast, is represented with one half of its 

Fig. II. Fig. u. 




Serput «rt«cb«€i to 
« fotbtl Spatangui 
Oom the chauL. 


Recent Spaiamgmt wiUi the tplnes 
remofed trum one aide. 

b. ^ine and tuberclea, nat alse. 
a. The aame magniSed. 


shell stripped of the spines. In fig. 11. a fossil of the same genus 
from the white chalk of England shows the naked surface which the 
individuals of this family exhibit when denuded of their bristles. 
The full-grown Serpulay therefore, which now adheres externally, 
could not have begun to grow till the Spatangtis had died, and the 
spines were detached. 

Now the series of events here attested by a single fossil may be 
carried a step farther. Thus, for example, we often meet with a sea- 
urchin in the chalk (see fig. 13.), wlych has fixed to it the lower 
valve of a Crania, a genus of bivalve mollusca. The upper valve 
Fig, 13 . (^> %• ) almost invariably wanting, though 

^ occasionally found in a perfect state of preservation 

in white chalk at some distance. In this case, we 
see clearly that the sea-urchin first lived from youth 
to age, then died and lost its spines, which were 
carried away. Then the young Crania adhered 
to the bared shell, grew and perished in its turn ; 
which the upper valve was separated from 
cr^ra Htuch*^ thc lowcr bcforc the Echinus became enveloped in 

b. Upper ralYe of Crama 

deucbed. chalky mud. 

It may be well to mention one more illustration of the manner in 
which single fossils may sometimes throw light on a former state of 
things, both in the bed of the ocean and on some adjoining land. Wo 
meet with many fragments of wood bored by ship-worms at various 
de|>ths in the clay on which London is builtf Entire branches and 
stems o^rees, several feet in length, are sometimes dug out, drilled 
all over Dy the holes of these borers, the tubes and shells of the moL 
lusk still remaining in the cylindrical hollows. In fig. 15. c, a re- 
presentation is given of a piece of recent wood pierced by the Teredo 
navaUsy or common ship- worm, which destroys wooden piles and 
ships. When the cylindrical tube d has been extracted from the 
wood, a shell is seen at the larger extremity, composed of two piece% 
as shown at c. In like manner, a piece of fossil wood («, fig* 14.) 
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bM been perfor&ted hy &n animd of a kindred bat extinct gentts, 
caQed Teredina by Lamarck. The ealcareoas tabe of this mollusk 
was united and as it were soldered on to the valves of the shell {b\ 


Fig. U. 



Foiiil and recent wood drilled by perforating Molluftca. 


Fig. 14. a. FomII wood from London clay, bored by Teredina. 

b. Shell and tube of Teredina personata^ the right-hand figure the ventral, the left tlMt 
dorial view. 


Tig. 15. e. Recent wood bored by Teredo. 

d. Shell and tube of Teredo navalit, from the tame. 

c. Anterior and poiterior view of the valvet of tame detached from the tube. 


which therefore cannot be detached from the tube, like the valves of 
the recent Teredo. The wood in this fossil 8j)eciraen is now con- 
verted into a stony mass, a mixture of clay and lime ; but it must 
once have been buoyant and floating in the sea, when the Teredina 
lived upon it, perforating it in all directions. Again, before the 
infant colony settled upon the drift wood, the branch of a tree must 
have been floated down to the sea by a river, uprooted, perhaps, by a 
flood, or torn off and cast into the waves by the wind ; and thus our 
thoughts are carried back to a prior period, when the tree grew for 
years on dry land, enjoying a fit soil and climate. 

It has been already remarked that there are rocks in the interior 
of continents, at various depths in the earth, and at great heights 
above the sea, almost entirely made up of the remains of zoophytes 
and testacea. Such masses may be compared to modem oyster-l^ds 
and coral-reefs ; and, like them, the rate of increase must have been 
extremely gradual. But there are a variety of stony deposits in the 
earthed crust, now proved to have been derived from planto and 
animals of which the organic origin was not suspected until of Wkte 
years, even by naturalists. Great surprise was ^erefore c|»ated by 
the recent discovery of Professor Ehrenberg, of Berlin, that a certain 
kind of siliceous stone, called tripoli, was entirely composed of mil- 
lions of the remains of organic beings, which were formerly referred 
to microscopic Infus^ia, but which are now supposed to be plants. 
They abound in fireshwater lakes and ponds in England and other 
countries, and are termed Diatomacem by those naturalists who 
believe in their vegetable origin. The substance alluded to has 
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bng been well known in the erta, being need in the form of powder 
for polishing stones and metnls. It has been procured, among other 
places, from Bilin, in Bohemia, where a single stratum, extending 
over a wide area, is no less than 14 feet thick. This stone, when ex- 
amined with a powerful microscope, is found to consist of the sili- 
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ceous plates or frustules of the above-mentioned .Diatomace®, united 
together without any visible cement. It is difficult to convey an idea 
of their extreme minuteness ; but Ehrenberg estimates that in the 
Bilin tripoli there are 41,000 millions of individuals of the GaiVonella 
distansi&ef^ fig. 17.) in every cubic inch, which weighs about 220 
grains, or about 187 millions in a single grain. At every stroke, 
therefore, that we make with this polishing powder, several millions, 
perhaps tens of millions, of perfect fossils are crushed to atoms. 

The remains of these Diatomacess are of pure silex, and their forms 
are various, but very marked and constant in particular genera 

and species. Thus, in the 
family Bacillaria (see fig. 
16.), the fossils preserved 
in tripoli are seen to ex- 
hibit the same divisions 
and transverse lines which 
characterize the living spe- 
cies of kindred form. With 
these, also, the siliceous 
spicules or internal sup- 
ports of the freshwater 
sponge, or SpongiUa of 
Lamarck, are sometimes in- 
termingled (see the needle- 
shaped bodies in fig. 20.), 
These flinty cases and spi- 
cules, although hard, are 
veiy fragile, breaking like 
glass, and are therefore 

admirably adapted, when 
rubbed, for wearing down 
into a fine powder fit for 
Fragment of •emi-<>p»lfhna the of polishing the Surface of 

Fig. 19. Natoral tlie. mctals. 

Berides the tripoli, fomed 
4 '*^*®*- exclusively of the fossils 
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i^?e described, there occurs in the upper part of the great stratum 
at Biliu another heavier and more compact stone, a kind of semi- 
opal, in which innumerable parts of Diatomacem and spicolae of the 
SpongUla are filled with, and cemented together by, siliceous matter. 
It is sup|)osed that the siliceous remains of the most delicate Dia- 
tomai.*efie have bf^en dissolved by water, and have thus given rise to 
this opal in which the more durable fossils are preserved like insects 
in amber. This opinion is confirmed by the fact that the organic 
bodies decrease in number and sharpness of outline in proportion as 
the opaline cement increases in quantity. 

In the Bohemian tripoli above described, as in that of Flanitz in 
Saxony, the species of Diatomacem (or Infusoria, as termed by Ehren- 
berg) arc freshwater ; but in other countries, as in the tripoli of the 
Isle of France, they are of marine species, and they all belong to 
formations of the tertiary period, which will be spoken of hereafter. 

A well-known substance, called bog-iron ore, often met with in 
jKjat-mosses, has also been shown by Ehrenberg to consist of innu- 
merable articulated threads, of a yellow ochre colour, composed 
partly of fiint and partly of oxide of iron. The8(5 threads are the 
cases of a minute microscopic body, called Gaillonella ferrugima 
(fig. 18.). 

it is clear that much time must have been required for the accu- 
mulation of strata to which countless generations of Diatomaceee have 
contributed their remains ; and these discoveries lead us naturally to 
suspect that other deposits, of wliich the materials have been sup- 
posed to be inorganic, may in reality be composed chiefly of micro- 
scopic organic bodies. That this is the case with the whitt3 
chalk, has often U^en imagined, this rock having been observed to 
abound in a variety of marine fossils, such as echini, testacea, 
bryozoa, corals, sponges, Crustacea, and fishes. Mr. Lonsdale, on 
examining, in Oct. 1835, in the Museum of the Geological Society of 
London, portions of white chalk from different parts of England, 
found, on carefully pulverizing them in water, that what appear to 
the eye simply as white grains were, in fact, well preserved fossils. 
He obtained above a thousand of these from each pound weight of 
chalk, some being fragments of minute bryozoa and corallines, others 
entire Foraminifera and Cytheridae. Tl^ annexed drawings will 
give an idea of the beautiful forms of many of these bodies. The 
figures a a represent their natural size, but, minute as they seem, the 

CytkerHit and j’bromiiHfrra from the chalk. 

Fig. 21. Fig. 23. Fig. S3. Fig. S4. 
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liana* ifodotarim, ’viulata, 

Bmallest of them, such as a, fig. 24., are gigantic in comparison with 
the cases of Diatomaees before mentioned. It has, moreover, been 
lately discovered that the chambers into which these Foramiioifera 
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are dirided are actually oftea filled with thouaanda of well-preserved 
organic bodies, which abound in every minute grain of chalk, and 
are especially apparent in the wdute coating of flints, often accom- 
panied by innumerable needle-shaped spiculee of sponges. After 
reflecting on these discoveries, we are naturally led on to conjecture 
that, as the formless cement in the semi-opal of Bilin has been 
derived from the decomposition of animal and vegetable remains, so 
also many chalk flints in which no organic structure can be re- 
cognized may nevertheless have constituted a part of microscopic 
animalcules. 


“The dost we tread upon was once alive I ** — Bmox. 

How faint an idea does this exclamation of the poet convey of 
the real wonders of nature! for here wo discover proofs that the 
calcareous and siliceous dust of which hills arc composed has not 
only been once alive, but almost every particle, all)eit invisible to 
the naked eye, still retains the organic structure which, at periods 
of time incalculably remote, was impressed upon it by tho powers 
of life. 

Freshwater and marine fossils. — Strata, whether deposited in salt 
or fresh water, have the same forms ; but tho imbedded fossils are 
very different in the two cases, because the aquatic animals which 
frequent lakes and rivers are distinct from tliose inhabiting the sea. 
In the northern part of the Isle of Wight formations of marl and 
limestone, more than 60 feet thick, occur, in which tlm shells are 
principally, if not all, of extinct species. Yet we recogniase their 
freshwater origin, because they are of the same genera as those now 
abounding in ponds and lakes, either in our own country or in 
warmer latitudes. 

In many parts of France, as in Auvergne, for example, strata of 
limestoiie, marl, and sandstone are found, hundreds of feet thick, 
which contain exclusively freshwater and land shells, together with 
the remains of terrestrial quadrupeds. The number of land shells 
scattered through some of these freshwater deposits is exceedingly 
great ; and there are districts in Germany where the rocks scarcely 
contain any other fossils except snail-shells (helices ) ; as, for instance, 
the limestone on the left bank of the Rhine, between Mayenco and 
Worms, at Oppenheim, Findheim, Budenheim, and other places. In 
order to account for this phenomenon, the geologist has only to 
examine the small deltas of torrents which enter the Swiss lakes 
when the waters are low, such as the newly-ft)rmed plain where th(3 
Kander enters 'the Lake of Thun. He there sees sand and mud 
strewed over with innumerable dead land shells, which have been 
brought down from valleys in the Alps in the preceding spring, 
during the melting of the snows. Again, if we search the sands on 
the borders of the Rhine, in the lower part of its course, we find 
countless land shells mixed with others of species belonging to lakes, 
stagnant pools, and marshes. These individuals have been washed 
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Avray ft*oin the alluvial plaius of the gi^t river and ita tributaries, 
soiiie from mountatuous regions, others fit>m the low country. 

Although freshwater formations are often q$ great thickness, yet 
they are usually very limited in area when compared to marine 
deposits, just as lakes and estuaries are of small dimensions in com- 
parison with seas. 

The absence of many fossil forms usually met with in marine 
strata, adbrds a useful negative indication of the freshwater origin 
of a formation. For example, there are no sea-urchins, no corals, 
no chambered shells, such as the nautilus, nor raicroseopie Forami- 
iiifera in lacustrine or duviatile deposits. In distinguishing the 
hitter from formations accumulated in the sea, we are chiefly guided 
by the forms of the mollusca. In a freshwater deposit, the number 
of individual shells is often as great as in a marine stratum, if not 
greater ; but there is a smaller variety of speeies and genera. This 
might be anticipated from the fact that the genera and species of 
recent freshwater and land shells are few when contrasted with the 
marine. Thus, the genera of true mollusca according to Woodward’s 
system, excluding those altogether extinct and those without shells, 
amount to 446 in number, of which the terrestrial and freshwater 
genera scarcely form more than a fifth.* 

Almost all bivalve shells, or those of acephalous mollusca, are 
marine, about sixteen only out of 140 genera being freshwater. 

Fig. 2?.. Fig. 26. 
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C^clu» obovala ; foiiil. HanU. Cifrtiuf JhtmfnaUs { fosiU. Grays, Essex. 




Among these last, the four most common forms, both recent and 
fossil, are Cyelas, Cyrtna^ Unioy and Anodonta (see figures); the 


. Fig. 27. 



Jtno^ania CortUeHti 
fosUl. Farit. 


Fig. 28, 



A»0donia ; 

recent. Bahia. 


Fig. 29. 


Unto ItUoralfs ; 
recent. Auvergne* 


two first and two last of which are so n6«*ly allied as to pass into 
each other. 



* See Woodward’s Manual of the Mollusca, 1856, 
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Lamarck divided the hiralTe molliiaea into 
the Dimyarjf^ or those having two large mus- 
cular impressions in each valve, as a & in the 
Cyclas, fig. 25., and the Manamyaryt such as 
the oyster and scallop, in which there is only 
one of these impressions, as is seen in fig. 30. 
Now, as none of these last, or the unimuscular 
bivalves, are freshwater^, we may at once pre- 
sume a deposit in which we find any of them 


Grvpk^ta mcuniMt Sow. (O.ar- . i • n 

cffaia.L«o.)upporvti*«.UM. The umvalvo shells most characteristic of 
fresh-water deposits are, PtatwrbUj Limnaa, and Paludina. (See 
Fif. 31 . Flf.n. Fig. ss. 





jnamorbtt emomphalm / Limmara /omgitcmta ; Falmdiua Imta : 

foMil. ltl« of Wight. foudl. nluiU. fotiit. HiiaU. 

figures.) But to these are occasionally added Physa^ Succinea^ 
AncyluSy Falvata, Melanopsis, Melania^ Potamide^, and Neritina, 
(See figures.) 

Fig. 34. Fig. 35. Fig. 36. Fig. 37. 



Smeemea amphibia ; 
fottU. Loesf, Rhine. 



Valvata / Fkp$a kypnorum f 
focill. recent. 

Oreyi, Eiiex. 


Fig. 8S. 



Jwrtods; 
recent. Art. 


Fig. 39. Fig. 40. Fig. 41. 



* The freshwater Halleria which has two rouscolar iinf^ssions when young, has 
only one in the adult state, thus forming a single exception to the rule. 
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Some naturalwts include Neritina (fig. 42.) and the marine 
ICerUa (fig. 43.) in the same genus, it being souxdy possiUe to 


Flf.tt. 


na «. 




Fit- 44. 


Xerttfna ghbrnUtt. PArii buln. Jferita gramukm* fftrls btria. 

distinguish the two by good generic characters. But, as 
a general rule, the fluviatilo species are smaller, smoother, 
and more globular than the marine ; and they have never, 
like the Nerita, the inner margin of the outer lip toothed 
or crenulated. (See fig. 43.) 

The Potamides inhabit the mouths of rivers in warm 
latitudes, and are distinguishable from the marine cerithia 
by their orbicular and multispiral opercula. The genus 
auricula (fig. 38.) is amphibious, frequenting swamps and pi 
marshes within the influence of the tide. 

The terrestrial shells are all univalves. The most important 
genera among these, both in a recent and fossil state, are Helix 
(fig. 45.), Cr/dostoma (fig. 46.), Pupa (fig. 47.), Clausilia (fig, 48.), 


Fig. 45. 


Fig. 4C. 


Fig. 47. Fig. 4a 


Fig. 49. 





Hiii* Turtmtiuia. 
Filuiii. Tuuratue. 


C^ltHtoma 

eJfgam, 

Loots. 


Pvpa CUuiiita 
trident. btden*. 

Loess. Loeis. 


Bmiirttui lubrtcut. 
Locu, Hhiuc. 


Bulimus (fig. 49.), Glandvia^ and Achatina, 

The AmpuUaria (fig, 50.) is another genus of shells, inhabiting 
Fig. 60. rivers and ponds in hot countries. Many fossil 
shells formerly referred to this genus, and which 
have been met with chiefly in marine formations, 
are now considered by conchologists to belong to 
Katica and other marine genera. 

All univalve shells of land and freshwater spe- 
cies, with the exception of Melarbopsis (fig. 41,), 
AmfmUatioKbmca, Aehatina, which has a slight indentation, have 
from u»e Jumn*. entire mouths; and this circumstance may often 
serve as a convenient rule for distinguishing freshwater from marine 
strata ; since, if any univalves occur of which the mouths are not 
entire, we may presume that the formation is marine. The aper- 
ture is said to be entire in such shells as the AmpuUaria and the 
land shells (figs. 45 — 49.), when its outline is not interrupted 
by an indentation or notch, such as that seen at b in AnciUaria 
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(fig. 52.) ; or is not prolonged into a canal, as that seen at a in 
Pleuraioma (flg. 51.). 

The mouths of a large proportion of the marine univalves have 
these notches or canahs and almost all such species are carnivorous ; 

Fif . fti. Fif. sa 

PlntrtKowtm 
SutM^hilU« 

a b 

JneiUari^ subuiaUi, Burton cUjr. Kocrna 

whereas nearly all testacea having entire mouths, arc plant-eaters ; 
whether the species be marine, freshwater, or terrestrial. 

There is, however, one genus which affords an occasional ex- 
ception to one of the above rules. The Cerithium (fig. 44.), 
although provided with a short canal, comprises some species which 
inhabit salt, others brackish, and others fresh water, and they are 
said to be all plant-eaters. 

Among the fossils very common in freshw^ater deposits are the 
shells of C^priSy a minute crustaceous aninial, having a shell much 
resembling tha of the bivalve mollusca,* Many minute living 
species of this genus swarm in lakes and stagnant pools in Great 
Britain ; but their shells are not, if considered separately, conclusive 
as to the freshwater origin of a deposit, because the majority of 
species in another kindred genus of the same order, the Ciftherina of 
Lamarck (see above, fig. 21. p. 26.), inhabit saltwater; and, although 
the animal differs slightly, the shell is scarcely distinguishable from 
that of the Cypris, 

The seed-vessels and stems of Charay a genus of aquatic plants, 
are very frequent in freshwater strata. These scjed-vcssels were 
called, before their true nature was known, gyrogonites, and were 
supposed to be foraminiferous shells. ( See fig. 53. a.) 

The CharcB inhabit the bottom of lakes and ponds, and fiourish 
mostly where the water is charged with carbonate of lime. Their 
seed-vessels are covered with a very tough- integument, ca[)ahlo of 
resisting decomposition ; to which circumstance we may attribute 
their abundance in a fossil state. The annexed figure (fig. 54.) 
represents a branch of one of many new species found by Professor 
Amici in the lakes of Northern Italy. The seed-vessel in this plant 
is more globular than in the British CharcB, and therefore more 
nearly resembles in form the extinct fossil species found in England, 

• For figures of fossil species of Porbeck, see below, ch. xx. 
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Fmice, wd other countriee. The sterna, *8 well as the seed-vessels, 
of these plants occur both in modem shell maxi and in ancient 
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a. Settlle laed reiiel between the dlTiiiooi of 

a, Seed-veitel. the leeret of the femmle pient. 
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diameterc. with fire aeed-reMeU, eeen from below 

b. Stem, magnified. upwatdt. 

freshwater formations. They are generally composed of a large 
tube surrounded by smaller tubes ; the whole stem being divided at 
certain intervals by transverse ^partitions or joints. (See A, fig. 53.) 

It is not uncommon to meet with layers of vegetable matter, 
impressions of leaves, and branches of trees, in strata containing 
freshwater shells ; and we also find occasionally the teeth and bones 
of land quadrupeds, of species now unknown. The manner in 
which such remains are occasionally carried by rivers into lakes, 
especially during floods^has been fully treated of in the “ Principles 
of Geology.'* • 

The remains of fish are occasionally useful in determining the 
freshwater origin of strata. Certain genera, such as carp, perch, 
pike, and loach {Cyprinus^ Perea, Esox, and Cobitis), as also Lehias, 
being peculiar to freshwater. Other genera contain some freshwater 
and some marine species, as Coitus, Mugil, and AnguiUa, or eel. 
The rest are either common to rivers and the sea, as the salmon ; or 
are exclusively characteristic of salt water. The above observa- 
tions respecting fossil fishes are applicable only to the more 
modern or tertiary deposits ; for in the more ancient rocks the 
forms depart so widely from those of existing fishes, that it is very 
difficult, at least in the present state of science, to derive any positive 
information from icthyolites respecting the element in which strata 
were deposited. 

The alternation of marine and freshwater formations, both on a 
small and large scale, are facta well ascertained in geology. When 
it occurs on a small scale, it may have arisen from the alternate 
occupation of certain spaces by river water and the sea ; for in the 
flood season the river forces back the ocean and freshens it over a 
large area, depositing at the same time its sediment ; after which the 
salt water again returns, and, on resuming its former place, brings 
with it sand, mud, and marine shells. 

* See Index of Principles, ^ Fossilization.’* 
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Tiieve m tbo lagooiii at th% mouths of msiiy riTors, m the Nile 
md Mississippi which sre divided off b; bars of sand from the sem, 
mad which are filled with salt and fresh water by tams. They ofren 
eommanicate exclttsively with the river for months^ years» or even 
centuries ; and then a lureach being made in the bar of sand, they 
are for long periods filled with salt water. 

The Lym*Fiord in Jutland offers an excellent illnstration of 
analogous changes ; for, in tlie course of the last thousand years, the 
western extremity of this long frith, which is 120 miles in length. 
Including its win^ngs, has been four times fresh and four times salt, 
a bar of sand between it and the ocean having been as often formed 
and removed. Tlie last irruption of salt water happened in 1824, 
when the North Sea entered, killing all the freshwater shells, fish, 
and plants ; and from that time to the present, the sea-weed Fucu$ 
vesicfdosus^ together with oysters and oilier marine moUusca, have 
succeeded the Cyclas^ Lymnea^ Pa/adino, and CkarmJ^ 

But changes like these in the Lym-Fiord, and those before men- 
tioned as occurring at the mouths of great rivers, will only account 
for some cases of marine deposits of partial extent resting on fresh- 
water strata. When we find, as in the south-east of England, a 
great series of freshwater beds, 1000 feet in thickness, resting upon 
marine formations and again covered by other rocks, such as the 
cretaceous, more than 1000 feet thick, and of deep-sea origin, wo 
shall find it necessary to seek for a different explanation of the phe- 
nomena. | 


CHAPTER IV. 

OONSOUBATION OF STRATA AND PETRIFACTION OF FOSSILS. 

Chemical and mechanical deposits — Cementing together of particlei— Hardening 
by exposure to air — Concretionary nodules — Consolidating efibetsof pressure — 
Mineralization of organic remains — Impressions and casts how formed — Fossil 
wood — Goppert’s experiments — Precipitation of stony matter most rapid where 
putrefaction is going on — Source of lime in solution — Silex derived from de- 
composition of felspar — Proofr of the lapidificatioa of some fossils soon after 
burial, of others when much decayed. 

HAYiNa spoken in the preceding chapters of the characters of sedi- 
mentary formations, both as dependent on the deposition of inorganic 
matter and the distribution of fossils, I may next treat of the con- 
solidation of stratified rocks, and the petrifaction of imbedded or- 
ganic remains. 

Chemical and mechanical deposits, — A distinction has been made 

♦ Sec Principles, Index, “ Lym-Kord." 
t See below. Chap. XYIIL, on the Wealden. 
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by geologists between deposits of s chemical, and those of a me- 
chanical, origin. Bj the latter name are designated beds of mad, 
sand, or pebbles produced by the action of rnnning water, also ac- 
cumulations of stones and BCorisB thrown out by a Tolcano, which 
have fallen into their present place by the force of gravitation. But 
the matter which forms a chemical deposit has not been mechanically 
suspended in water, but in a state of solution until separated by 
chemical action. In this manner carbonate of lime is often precipi- 
tated upon the bottom of lakes and seas in a solid form, as may be 
well seen in many parts of Italy, where mineral springs abound, and 
where the calcareous stone, called travertin, is deposited. In these 
springs the lime is usually held in solution by an excess of carbonic 
acid, or by heat if it be a hot spring, until the water, on issuing from 
tile earth, cools or loses part of its acid. The calcareous matter then 
falls down in a solid state, encrusting shells, fragments of wood and 
leaves, and binding them together.* 

In coral reefs, large masses of limestone are formed by the stony 
skeletons of zoophytes ; and these, together with shells, become ce- 
mented together by carbonate of lime, part of which is probably 
furnished to the sea water by the decomposition of dead corals. 
Even shells of which the animals are still living, on these reefs, are 
very commonly found to be encrusted over with a hard coating of 
limestone. | 

If sand and pebbles are carried by a river into the sea, and these 
are bound together immediately by carbonate of lime, the deposit 
may be described as of a mixed origin, partly chemical, and partly 
mechanical. 

Now, the remarks already made in Chapter II. on the original 
horizontality of strata are strictly applicable to mechanical deposits, 
and only partially to those of a mixed nature. Such as are purely 
chemical may be formed on a very steep slope, or may even encrust 
the vertical walls of a fissure, and be of equal thickness throughout ; 
but such deposits are of small extent, and for the most part confined 
to vein-stones. 

Cementitig of particles, — It is chiefly in the case of calcareous 
rocks that solidification takes place at the time of deposition. But 
there are many deposits in which a cementing process comes into 
operation long afterwards. We may sometimes observe, where the 
water of ferruginous or calcareous springs has flowed through a bed 
of sand or gravel, that iron or carbonate of lime has been deposited 
in the interstices between the grains or pebbles, so that in certain 
places the whole has been bound together into a stone, the same set 
of strata remaining in other parts loose and incoherent. 

Proofs of a similar cementing action are seen in a rock at Kello- 
way in Wiltshire. A peculiar band of sandy strata belonging to the 
group called Oolite by geologists, may be traced through several 

• See Principles, Index, ** Calcareous f Ihid* “ Travel fin,** “ Corel Reefs,** 

Springs,*’ &c. &C, 
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cooniiei^ tlie mnd being for the most part loose and unconsolidated, 
but becoming stony near Kelloway. In this district there are nu* 
merous fossil shells which have decomposed, having for the most 
part left only their casts. The calcareous matter hence derived has 
evidently served, at some former period, as a cement to the siliceous 
grains of sand, and thus a solid sandstone has been produced. If we 
take fragments of many other argillaceous grits, retaining the casts 
of shells, and plunge them into dilute muriatic or other acid, we sec 
them immediately changed into common sand and mud; the cement 
of lime, dtrived from the shells, having been dissolved by the acid. 

Traces of impressions and casts are often extremely faint In 
some loose sands of recent date we meet with shells in so advanced 
a stage of decomposition as to crumble into powder when touched. 
It is clear that water percolating such strata may soon remove the 
calcareous matter of the shell ; and unless circumstances cause tlie 
carbonate of lime to be again deposited, the grains of sand will not 
be cemented togetlier ; in which case no memorial of the fossil will 
I’emain. The absence of organic remains from many aqucH)us rocks 
may be thus explained ; but we may presume that in many of them 
no fossils were ever imbedded, as there are extensive tracts on the 
bottoms of existing seas even of moderate depth on which no frag- 
ment of shell, coral, or other living creature can be deU*cted by 
dredging. On the otlicr band, tliere are parts of tlie Mediterranean 
(tlie JEgean sea for example), where, according to Prof. E. Forbes, 
the zero of animal life has been reached, at the depth of 230 fathoms ; 
a deposit of yellowish mud of very uniform character, and devoid of 
organic remains, being there in progress.* Later experiments, how- 
ever, have proved that organic beings inhabit other parts of the 
same sea at considerably greater depths. 

In what manner silex and carbonate of lime may become widtdy 
diffused in small quantities through the waters which permeate the 
earth’s crust will be spoken of presently, when the petrifaction of 
fossil bodies is considered ; but I may remark here that such waters 
are always passing in the case of thermal springs from hotter to 
colder parts of the interior of the earth ; and, as often as the tem- 
perature of the solvent is lowered, mineral matter has a tendency to 
separate from it and solidify. Thus a stony cement is often 8upplie<l 
to sand, pebbles, or any fragmentary mixture. In some conglo- 
merates, like the pudding^tone of Hertfordshire (a Lower Eocene 
deposit), pebbles of flint and grains of sand are united by a siliceous 
cement so flrmly, that if a block be fractured the rent passes as readily 
through the pebbles as through the cement 

It is probable that many strata became solid at the time when they 
emerged from the waters in which they were deposited, and when 
they first formed a part of the dry land. A well-known fact seems 
to confirm this idea : by far the greater number of the stones used 
for building and road-making are much softer when £rst taken from 

• Beport Brit. Ass. 1843, p. 178. 
p a 
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the qutrry than after they have been long exposed to the air ; and 
these, when once dried, may afterwards be immersed for any length 
of time in water without becoming soft again. Hence it is found 
desirable to shape the stones which are to bo used in architecture 
while they are yet soft and wet, and while they contain their 
^ quarry-water,*' as it is called ; also to break up stone intended fc*r 
roads when soft, and then leave it to dry in the air for months that 
it may harden. Such induration may perhaps be accounted for by 
supposing the water, which penetrates the minutest pores of rocks, 
to deposit, on evaporation, carbonate of lime, iron, sikx, and other 
minerals previously held in solution, and thereby to fill up the pores 
partially. These particles, on crystallizing, would not only be them- 
selves deprived of freedom of motion, but would also bind together 
other portions of the rock which before were loosely aggregated. 
On the same principle wet sand and mud become as hard as stone 
when frozen ; because one ingredient of the mass, namely, the water, 
has crystallized, so as to hold firmly together all the separate particles 
of which the loose mud and sand were composed. 

Dr. MacCulloch mentions a sandstone in Skye, which may be 
moulded like dough when first found ; and some simple minerals, 
which are rigid and as hard as glass in our cabinets, are often flexible 
and soft in their native beds : this is the case with asbestos, sahlite, 
tremolite, and chalcedony, and it is reported also to happen in the 
case of the beryl* 

The marl recently deposited at the bottom of Lake Superior, in 
North America, is soft, and often filled with freshwater shells ; but 
if a piece be taken up and dried, it becomes so hard that it can only 
be broken by a smart blow of the hammer. If the lake therefore was 
drained, such a deposit would be found to consist of strata of marl- 
stone, like that observed in many ancient European formations, and 
like them containing freshwater shells. 

It is probable that some of the heterogeneous materials which 
rivers transport to the sea may at once set under water, like the arti- 
ficial mixture called pozzolana, which consists of fine volcanic sand 
charged with about 20 per cent, of oxide of iron, and the addition of 
a small quantity of lime. This substance hardens, and becomes a 
solid stone in water, and was used by the Romans in constructing 
the foundations of buildings in the sea. 

Consolidation in these cases is brought about by the action of 
chemical affinity on finely comminuted matter previously suspended 
in water. After deposition similar particles seem to exert a mutual 
attraction on each other, and congregate together in particular spots, 
forming lumps, nodules, and concretions. Thus in many argillaceous 
deposits there are calcareous balls, or spherical concretions, ranged 
in layers parallel to the general stratification ; an arrangement which 
took place after the shale or marl had been thrown down in succes- 
sive lamlnse ; for these iaminas are often traced in the concretions, 


• Dr. MacCiillocIi,Sj»tof QeoL voLi p. 1%X 
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remaining parallel to those of the surronniling unconsolidated rock, 
»• (See fig. 53.) Such nodules of lime- 

stone have olWn a shell or other foreign 
body in the centre.* 

Among the most remarkable ex- 
amples of concretionary structure are 
those described by Professor Sedgwick 
as abounding in the magnesian limestone of the north of England. 
The spherical balls are of various sizes, from that of a pea to a dia- 
meter of several feet, and they have both a concentric and radiated 
structure, while at the same time the laminae of original deposition 
pass uninterruptedly tlnrougli them. In some cliffs this limestone 
resembles a great irregular pile of cannon balls. Some of the globular 
masses have their centre in one stratum, while a portion of their 
exterior passes through to the stratum above or below. Thus the 
larger spheroid in the annexed section (fig. 56.) passes from the stratum 
Fii. w. 6 upwards into a. In this instance wo 

must suppose the deposition of a series 
of minor layers, first forming the stra- 
tum 5, and afterwards the incurabemt 
stratum a ; then a movement of the par- 
ticles took place, and the carbonates of 
lime and magnesia separated from the 
more impure and mixed matter forming the still unconsolidated parts 
of the stratum^ Crystallization, beginning at the centre, must have 
gone on forming concentric coats around the original nucleus without 
interfering with the laminated structure of the rock. 

When the particles of rocks have been thus re-arranged by chemi- 
cal forces, it is sometimes difficult or impossible to ascertain whether 
certain lines of division arc due to original deposition or to the sub- 
sequent aggregation of similar particles. Thus suppose three strata 


a 
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of grit, A, B, C, are charged unequally 
with calcareous matter, and that B is the 
most calcareous. If coasolidation takes 
place in B, the concretionary action may 
spread upwards into a part of A, where 
the carbonate of lime is more abundant than in the rest ; so that a 
mass, dy forming a portion of the superior stratum, becomes 
united with B into one solid mass of stone. The original line of 
division dy e, being thus effaced, the line dy fy would generally be 
considered as the surface of the bed By thotigh not strictly a true 
plane of stratification. 

Pressure and heat — When sand and mud sink tathe bottom of a 
deep sea, the particles are not pressed down by the enormous weigltt 
of the incumbent ocean ; for the water, which becomes mingled with 
the sand and mud, resists pressure with a force equal to that of the 
column of fluid above. The same happens in regard to organic re- 


* De la Beche, GeoL Bstearches, p. 95., and Geol Observer (1651), p. 6S6. 
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mains which are filled with water ander great pressure as they sink, 
otherwise they would be iminediately crushed to pieces and flattened. 
Nevertheless, if the materials of a stratum remain in a yielding state, 
and do not set or solidify, they will be gradually squeezed down by 
the weight of other materials successively heaped upon them, just as 
soft clay or loose sand on which a house is built may give way. By 
such downward pressure particles of clay, sand, and marl, may be- 
come packed into a smaller space, and be made to cohere together 
permanently. 

Analogous eflTects of condensation may arise when the solid parts 
of the earth’s crust are forced in various directions by those me- 
chanical movements afterwards to bo described, by which strata have 
been bent, broken, and raised above the level of the sea. Rocks of 
mon 3 yielding materials must often have been forced against others 
previously consolidated, and, thus compressed, may have acquired a 
new structure. A recent discovery may help us to comprehend how 
fine sediment derived from the detritus of rocks may be solidified by 
mere pressure. The graphite or ‘‘ black lead ” of commerce having 
become very scarce, Mr. Brockedon contrived a method by which the 
dust of the purer portions of the mineral found in Borrowdale might 
be recomposed into a mass as dense and compact as native graphite. 
The powder of graphite is first carefully prepared and freed from air, 
and placed under a powerful press on a strong stf^l die, with air-tight 
fittings. It is tlien struck several blows, each of a power of 1000 
tons ; after which operation the powder is so perfectly solidified that 
it can be cut for pencils, and exhibits when broken the same texture 
as native graphite?. 

But the action of heat at various depths in the earth is probably 
the most powerful of all causes in hardening sedimentary strata. To 
this subject I shall refer again when treating of the metamorphic 
rocks, and of the slaty and jointed structure. 

Mineralization of organic remains, — The changes which fossil 
organic bodies have undergone since they were first imbedded in 
rocks, throw much light on the consolidation of strata. Fossil shells 
in some modern deposits have been scarcely altered in the course of 
centuries, having simply lost a part of their animal matter. But in 
other cases the shell has disappeared, and left an impression only of 
its exterior, or a cast of its interior form, or thirdly, a cast of the 
shell itself, the original matter of which has been removed. These 
different forms of fossilization may easily be understood if we examine 
the mud recently thrown out from a pond or canal in which there are 
shells. If the mud be argillaceous, it acquires consistency on drying, 
and on breaking open a portion of it we find that each shell has left 
impressions of its external form. If we then remove the shell itself, 
we find within a solid nucleus of clay, having the form of the interior 
of the shell. This form is often very different from that of the outer 
shell. Thus a cast such as a, fig. 58., commonly called a fossil screw, 
would never be suspected by an inexperienced conchologist to be 
the internal shape of the fossil univalve, 6, fig. 58. Nor should we 
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were diflferent parts of the same fossiL The reader will observe, in 
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the last-mentioned figure (by fig. 59.), that an empty space shaded 
dark, which the shell itself once occupied, now intervenes betw^eon 
the enveloping stone and the cast of the smooth interior of the whorls. 
In such cases the shell has been dissolved and the component par- 
ticles removed by water percolating the rock. If the nucleus were 
taken out, a hollow mould would remain, on which the external form 
of the shell with its tubercles and striae, as seen in a, fig. 59., would 
be seen embossed. Now if the space alluded to between the nucleus 
and the impression, instead of being left empty, has been filled up 
with calcareous spar, flint, pyrites, or other mineral, we then obtain 
from the mould an exact cast both of the external and internal form 
of the original shell. In this manner silicified casts of shells have 
been formed ; and if the mud or sand of the nucleus happen to be 
incoherent, or soluble in acid, we can then procure in flint an empty 
shell, which in shape is the exact counterpart of the original This 
cast may be compared to a bronze statue, representing merely the 
superficial form, and not the internal organization ; but there is 
another description of petrifaction by no means uncommon, and of a 
much more wonderful kind, which may be compared to certain ana- 
tomical models in wax, where not only the outward forms and fea- 
tures, but the nerves, blood-vessels, and other internal organs arc also 
shown. Thus we find corals, originally calcareous, in which not only 
the general shape, but also the minute and complicated internal or- 
ganization are retained in flint. 

Such a process of petrifaction is still more remarkably exhibited 
in fossil wood, in which we often perceive not only the rings of 
annual growth, but all the minute vessels and medullary rays. Many 
of the minute cells and fibres of plants, and even those spiral vessel 
which in the living vegetable can only be discovered by the mi- 
croscope, are preserved. Among many instances, I may mention a 
fossil tree, 72 feet in length, found at Gosforth near Newcastle, in 
sandstone strata associated with coal. By cutting a transverse slice 
so thin as to transmit light, and magnifying it about fifty-five timea» 
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Ill# lajcture leeii in if . 60 . is exhibited. A textdre equally minute 
and complicated has been observed in the wood 
of large trunks of fossil trees found in the 
Craigleith quarry near Edinburgh^ where the 
stone was not in the slightest degree siliceous, 
but consisted chiefly of carbonate of lime, with 
oxide of iron, alumina, and carbon. The pa- 
rallel rows of vessels here seen are the rings 
of annual growth, but in one part they are im- 
perfectly preserved, the wood having probably 
decayed before the mineralising matter had 
penetrated to that portion of the tree. 

In attempting to explain the process of petrifaction in such cases, 
we may first assume that strata are very generally permeated by 
water charged with minute portions of calcareous, siliceous, and other 
earths in solution. In what manner they become so impregnated 
will be afterwards considered. If an organic substance is exposed 
in the open air to the action of the sun and rain, it will in time 
putrefy, or be dissolved into its component elements, consisting usually 
of oxygen, hydrogen, nitrogen, and carbon. These will readily be 
absorbed by the atmosphere or be washed away by rain, so that all 
vestiges of the dead animal or plant disappear* But if the same 
substances be submerged in water, they decompose more gradually; 
and if buried in earth, still more slowly, as in the familiar example 
of wooden piles or other buried timber. Now, if as fast as each 
particle is set free by putrefaction in a fluid or gaseous state, a 
particle equally minute of carbonate of lime, flint, or other mineral, 
is at hand and ready to be precipitated, we may imagine this in- 
organic matter to take the place just before left unoccupied by the 
organic molecule. In this manner a cast of the interior of certain 
vessels may first be taken, and afterwards the more solid walls of the 
same may decay and sufiPer a like transmutation. Yet when the 
whole is lapidified, it may not form one homogeneous mass of stone 
or metal. Some of the original ligneous, osseous, or other organic 
elements may remain mingled in certain parts, or the lapidifying 
substance itself may be difierently coloured at dififerent times, or so 
crystallised as to reflect light differently, and thus the texture of the 
origisal body may be faithfully exhibited. 

Hie student may perhaps ask whether, on chemical principles, we 
have any ground to expect that mineral matter will be thrown down 
precisely in those ^ts where organic decomposition is in progress ? 
The foUowing curious experiments may serve to illustrate this point. 
Professor Gbppert of Breslau attempted recently to imitate the na- 
tural process of petrifaction. For this purpose he steeped a variety 
of animal and vegetable substances in waters, some holding siliceous, 
others calcareous, others metallic matter in solution. He found that 
in the period of a few weeks, or even days, the organic bodies thus 
immersed were mineralised to a certain extent Thus, for example, 
thin vertical slices of deal, taken from the Scotch fir {Pmui 
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mtirU% were immereed in n moderate! j strong aolution of suiphsie 
at iron. When thej had been thoroughly soaked in the liquid for 
several days they were dried and expos^ to a red-heat until the 
vegetable matter vras burnt op and nothing remained but an oxide of 
iron, which was found to have taken the form of the deal so exactly 
that casts even of the dotted vessels peculiar to this family of plants 
were distinctly visible under the microscope. 

Another accidental experiment has been recorded by Mr. Pepys in 
the Greological Transactions. * An earthen pitcher containing several 
quarts of sulphate of iron had remained undisturbed and unnoticed 
for about a twelvemonth in the laboratory. At the end of this time 
when the liquor was examined an oily appearance was observed on 
the surface, and a yellowish powder, which proved to be sulphur, 
together with a quantity of small hairs. At tho bottom were dis* 
covered the bones of several mice in a sediment consisting of small 
grains of pyrites, others of sulphur, others of crystallized green sul- 
phate of iron, and a black muddy oxide of iron. It was evident that 
some mice had accidentally been drowned in the duid, and by the 
mutual action of the animal matter and the sulphate of iron on each 
other, the metallic sulphate had been deprived of its oxygen ; hence 
the pyrites and the other compounds were thrown down. Although 
the mice were not mineralized, or turned into pyrites, the pheno- 
menon shows how mineral waters, charged with sulphate of iron, 
may be deoxydated on coming in contact with animal matter under** 
going putrefaction, so that atom after atom of pyrites may be pre- 
cipitated, and ready, under favourable circumstances, to replace the 
oxygen, hydrogen, and carbon into which the original body would bo 
resolved. 

The late Dr. Turner observes, that when mineral matter is in a 
nascent state,” that is to say, just liberated from a previous state of 
chemical combination, it is most ready to unite with other matter, 
and form a new chemical compound. Probably the particles or atoms 
just set free are of extreme minuteness, and therefore move more 
freely, and are more ready to obey any impulse of chemical affinity. 
Whatever be the cause, it clearly follows, as before stated, that where 
organic matter newly imbedded in sediment is decomposing, tlicre 
Vfill chemical changes take place most actively. 

An analysis was lately made of the water which was flowing off 
from the rich mud deposited by the Hooghly river in the Delta of 
the Granges after the annual inundation. This water was found to 
be highly charged with carbonic acid gas bolding lime in solution, t 
Now if newly-deposited mud is thus proved to be permeated by 
mineral matter in a state of solution, it is not difficult to perceive 
that decomposing organic bodies, naturally imbedded in sedunent, 
may as readily become petrified as the substances artificially im- 
meiaed by Professor G^jf^pert in various fluid mixtures. 

• VoL i p. 899. first seriea 

t Piddifigtoa, AdaL Besearch. voL xvitL p. tH. 
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It 18 well known that the water of springs, or that which is con- 
tinuallj percolating the earth's crust, is rarely free from a slight 
admixture either of iron, carbonate of lime, sulphur, silica, potash, or 
some other earthy, alkaline, or metallic ingredient. Hoi springs in 
particular are copiously charged with one or more of these substances; 
and it is only in their waters that silex is found in abundance. In 
certain cases, therefore, especially in volcanic regions, we may imagine 
the flint of silicified wood and corals to have been supplied by the 
waters of thermal springs. In other instances, as in tripoli, it may 
have been derived in great part, if not wholly, from the decomposi- 
tion of diatomacesB, sponges, and other bodies. But even if this be 
granted, we have still to inquire whence a lake or the ocean can be 
constantly replenished with the calcareous and siliceous matter so 
abundantly withdrawn from it by the secretions of living beings. 

In regard to carbonate of lime there is no difliculty, because 
not only are calcareous springs very numerous, but even rain- 
water, when it falls on ground where vegetable matter is decom- 
I)oaing, may become so charged with carbonic acid as to acquire a 
power of dissolving a minute portion of the calcareous rocks over 
which it flows. Hence marine corals and mollusca may be provided 
by rivers with the materials of their shells and solid supports. But 
pure silex, even when reduced to the finest powder and boiled, is 
insoluble in water, except at very high temperatures. Nevertheless, 
Dr. Turner has well explained, in an essay on the chemistry of 
geology how the decomposition of felspar may be a source of silex 
in solution. He has remarked that the siliceous earth, which con- 
stitutes more than half the bulk of felspar, is intimately combined 
with aluinine, potash, and some other elements. The alkaline matter 
of the felspar has a chemical affinity for water, as also for the car- 
bonic acid which is more or less contained in the waters of most 
springs. The water therefore carries away alkaline matter, and 
leaves behind a clay consisting of alumine and silica. But this re- 
sidue of the decomposed mineral, which in its purest state is called 
porcelain clay, is found to contain a part only of the silica which 
existed in the original felspar. The other part, therefore, must have 
been dissolved and removed : and this can be accounted for in two 
ways ; first, because silica when combined with an alkali is soluble 
in water ; secondly, because silica, in what is technically called its 
nascent atate, is also soluble in water. Hence an endless supply of 
silica is afforded to rivers and the waters of the sea. For the fel- 
spathic rocks are universally distributed, constituting, as they do, 
so large a proportion of the volcanic, plutonic, and metamorphic for- 
mations. Even where they chance to be absent in mass, they rarely 
fail to occur in the superficial gravel or alluvial deposits of the basin 
of every large river. 

The disintegration of mica also, another mineral which enters 
largely into the composition of granite and various sandstones, may 

* Jam. Ed. New Phil. Joam. No. 80. p, 246. 
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yield silica which may be dissolved in water, for nearly half of this 
mineral consists of silica, combined with alumine, potash, and about 
a tenth part of iron. The oxidation of iliis iron in the air is the 
principal cause of the waste of mica. 

We have still, however, much to learn before the conversion of 
fossil bodies into stone is fully understood. Some phenomena seem 
to imply that the mineralisation must proceed with considerable 
rapidity, for stems of a soft and succulent character, and of a most 
perishable nature, are preserved in flint ; and there ore instances of the 
complete siliciflcation of the young leaves of a palm-tree when just 
about to shoot forth, and in that state which in the West Indies is 
called the cabbage of the palm.* It may, however, be questioned 
whether in such cases there may not have been some antiseptic quality 
in the water which retarded putrefaction, so that the soft parts of the 
buried substance may have remained for a long time without disin- 
tegration, like the flesh of bodies imbedded in peat. 

Mr. Stokes has pointed out examples of petrifactions in which the 
more perishable, and others where the more durable, portions of wood 
are preserved. These variations, he suggests, must doubtless have 
depended on the time when the lapidifying mineral was intriKluced. 
Thus, in certain siiicificd stems of |)alm-tree8, the cellular tissue, that 
most destructible part, is in good condition, while all signs of the 
hard woody fibre have disappeared, the spaces once occupied by it 
being hollow or filled with agate. Here, petrifaction must have com- 
menced soon after the wood was exposed to the action of moisture, 
and the supply of mineral matter must then have failed, or the water 
must have become too much diluted before the woody fibre decayed. 
But when this fibre is alone discoverable, we must suppose that an 
interval of time elapsed before the commencement of lapidification, 
during which the cellular tissue was obliterated. When both struc- 
tures, namely, the cellular and the woody fibre, are preserved, the 
process must have commenced at an early period, and continued 
without interruption till it was completed throughout.f 


^ Stokes, GeoL Traoa, roL v. p. 212. second series. 
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CHAPTER V. 

BUVATIOH or STRATA ABOVS THE 8RA — BOBIEOHTAX. AKO UTCLOfED 
STRATinCATlOK. 

Why the petition of marine itrata, aboTe the level of the tea, thoiild be referred to 
the riling up of the land, not to the going down of the tea — Upheaval of exten- 
sive mattet of horizontal strata — Inclined and vertical ttratidcation — Anticlinal 
and synclinal linos — Bent strata in east of Scotland — Theory of folding by 
lateral movement— Creeps — Dip and strike — Stmeture of the Jura — Various 
forms of outcrop— Bocks broken by flexure— Inverted position of disturbed 
strata — Unconformabie stratiflcAtion — Hutton and Playfair on the same — 
Fractures of strata — Polished surfaces — Faults — Appearance of repeated alter- 
nations produced by them — Origin of great faults. 

Lasd ha$ been raised, not the sea lowered. has been already 
stated that the aqueous rocks containing marine fossils extend over 
wide continental tracts, and are seen in mountain chains rising to 
great heights above the level of the sea (p. 4.). Hence it follows, that 
what is now dry land was once under water. But if we admit this 
conclusion, we must imagine, either that there has been a general 
lowering of the waters of the ocean, or that the solid rocks, once covered 
by water, have been raised up bodily out of the sea, and have thus 
become dry land. The earlier geologists, finding themselves reduced 
to this alternative, embraced the former opinion, assuming that the 
ocean was originally universal, and had gradually sunk down to its 
actual level, so that the present islands and continents were left dry. 
It seemed to them far easier to conceive that the water had gone 
down, than that solid land had risen upwards into its present position. 
It was, however, impossible to invent any satisfactory hypothesis to 
explain the disappearance of so enormous a body of water throughout 
the globe, it being necessary to infer that the ocean had once stood 
at whatever height marine shells might be detected. It moreover 
appeared clear, as the science of Geology advanced, that certain spaces 
on the globe had been alternately sea, then land, then estuary, then 
sea again, and, lastly, once more habitable land, having remained in 
each of these states for considerable periods. In order to account for 
such phenomena, without admitting any movement of the land itself, 
we are required to imagine several retreats and returns of the ocean ; 
and even then our theory applies merely to cases where the marine 
strata composing the dry land are horiaontal, leaving unexplained 
those more common instances where strata are inclined, curved, or 
placed on their edges, and evidently not in the position in which they 
were first deposited. 

Geologists, therefore, were at last compelled to have recourse to 
the other alternativei namely, the doctrine that the solid land has 
been repeatedly moved upwards or downwards, so as permanently to 
change its position relatively to the sea. There are several distinct 
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gitmiida for prrferring thU eoncluffioiu First, it will sccount equslly 
for the position of those elerated masses of marine origin in wbich 
the stratification remains horisontal, and for those in which the strata 
are disturbed, broken, inclined, or TerticaL Secondly, H is consistent 
with human experience that land should rise gradually in some places 
and be depressed in others. Such changes have actually occurred in 
our own days, and are now in progress, having been accompanied in 
some cases by violent convulsions, while in others they have pro* 
ceeded so insensibly, as to have been ascertainable only by the most 
careful scientific observations, made at considerable intervals of time. 
On the other hand, there is no evidence from human experience of 
a lowering of the sea’s level in any region, and the ocean cannot sink 
in one place without its level being depressed all over the globe. 

These preliminary remarks will prepare the reader to understand 
the great theoretical interest attached to all facts connected with the 
position of strata, whether horizontal or inclined, curved or verticaL 

Now the first and most simple appearance is where strata of 
marine origin occur above the level of the sea in horizontal position. 
Such are the strata which we meet with in the south of Sicily, filled 
with shells for the most part of the same species as those now living 
in the Mediterranean. Some of these rocks rise to the height of 
more than 2000 feet above the sea. Other mountain masses might 
be mentioned, composed of horizontal strata of high antiquity, which 
contain fossil remains of animals wholly dissimilar from any now 
known to exist. In the south of Sweden, for example, near Lake 
Wener, the beds of one of the oldest of the fossil iferous deposits, 
namely that formerly called Transition, and now Silurian, by geo* 
legists, occur in as level a position as if they had recently formed 
part of the delta of a great river, and been left dry on the retiring of 
the annual floods. Aqueous rocks of about the same age extend for 
hundreds of miles over the lake-district of North America, and exhibit 
in like manner a stratification nearly undisturbed. The Table Moun- 
tain at the Cape of Good Hope is another exanjple of highly elevated 
yet perfectly horizontal strata, no less than 3500 feet in thickness, 
and consisting of sandstone of very ancient date. 

Instead of imagining that such fossiliferous rocks were always at 
their present level, and that the sea was once high enough to cover 
them, we suppose them to have constituted the ancient bed of the 
ocean, and that they were gradually uplifted to their present height 
This idea, however startling it may at first appear, is quite in 
accordance, as before stated, with the analogy of changes now going 
on in certain regions of the globe. Thus, in parts of Sweden, and 
the shores and islands of the Gulf of ^^thnia, proofs have been 
obtained that the land is experiencing, and has experienced for 
centuries, a slow upheaving movement Playfair argued in favour 
of this opinion in 1802 ; and in 1807, Von Buch, after his travels in 
Scandinavia, announced his conviction that a rising of the land was 
in progress. Celsius and other Swedish writers had, a century 
before, declared their belief that a gradual change had, for ages, 
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been taking place in the relative level of land md eea. They attri- 
buted the change to a fall of the waters both of tbe ocean and the 
Baltic. This theory, however, has now been refuted by abundant 
evidence ; for the alteration of relative level has neither been 
universal nor everywhere uniform in quantity, but has amounted, 
in some regions, to several feet in a century, in others to a lew 
inches ; while in the southernmost part of Sweden, or the province 
of Scania, there has been actually a loss instead of a gain of land, 
buildings having gradually sunk below the level of the sea.* 

It appears, from the observations of Mr. Darwin and others, that 
very extensive regions of the continent of South America have been 
undergoing slow and gradual upheaval, by which the le^el plains of 
Patagonia, covered with recent marine shells, and the Pampas of 
Buenos Ayres, have been raised above the level of the sea-f On the 
other hand, the gradual sinking of the west coast of Greenland, for 
the space of more than 600 miles from north to south, during the 
last four centuries, has been established by the observations of a 
Danish natuinilist, Dr. Pingel. And while these proofs of continental 
elevation and subsidence, by slow and insensible movements, have 
licen recently brought to light, the evidence has been daily strength- 
ened of continued changes of level effected by violent convulsions 
in countries where earthquakes are frequent There the rocks are 
rent from time to time, and heaved up or thrown down several feet 
at once, and disturbed in such a manner, that the original position of 
strata may, in the course of centuries, be modified to any amount 

It has also been shown by Mr. Darwin, that, in those seas where 
circular coral islands and barrier reefs abound, there is a slow and 
continued sinking of the submarine mountains on which the masses 
of coral are based ; while there are other areas of the South Seti, 
where the land is on the rise, and where coral has been upheaved far 
above the sea-level. 

It would require a volume to explain to the reader the various 
facts which establish the reality of these movements of land, whether 
of elevation or depression, whether accompanied by earthquakes or 
accomplished slowly and without local disturbance. Having treated 
fully of these subjects in the Principles of Geology J, I shall assume, 
in the present work, that such changes are part of the actual course 
of nature ; and when admitted, they will be found to afford a key to 
the interpretation of a variety of geological appearances, such as the 
elevation of horizontal, inclined, or disturbed marine strata, and the 
superposition of freshwater to marine deposits, afterwards to be 
described. It will also appear, in the sequel, how much light the 

• In the first three editions of my opinion in the Phil. Trans. 1835, Part L 
Principles of Geology, I expressed many See also the Principles, 4th and sabse- 
doubts as to the v^dity of the alleged quent editions. 

proofs of a gradual rise of land in f See his Jonmal of a Naturalist in 
Sweden ; but after visifing that country. Voyage of the Beagle, and his work on 
in 1834, 1 retracted these objections, and Cond Recfk 

published a detailed statement of the See chaps, xxvii. to ^^ii- incluidve, 
observations which led me to alter my and chap. I 
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doctrine of % oontinned eobsidenoe of land may throw on the manner 
in which a aeries of strata, formed in shallow water, may have accu- 
mulated to a great thickness. The excavation of vall^p also, and 
other effects of denudaiumy of which I shall presently treat, can alone 
be understood when we duly appreciate the proofs, now on recortl, 
of the prolonged rising and sinking of land, throughout wide areas. 

To conclude this subject, 1 may remind the reader, that wore we 
to embrace the doctrine which ascribes the elevated position of marine 
formations, and the depression of certain freshwater strata, to oscil- 
lations in the level of the waters instead of the land, we should bo 
compelled to admit that the ocean has been sometimes every where 
much shallower than at present, and at others more than three miles 
deeper. 

Inclined stratijication. — The most unequivocal evidence of a 
change in the original position of strata is afforded by their standing 
up perpendicularly on their edges, which is by no means a rare 
phenomenon, especially in mountainous countries. Thus we find in 
Scotland, on the southern skirts of the Grampians, bt'cls of pudding- 
stone alternating with thin layers of fine sand, all placed vertically 
to the horizon. When Saussure first ob- 
served certain conglomerates in a simi- 
lar position in the Sw^iss Alps, he re- 
marked that the pebbles, being for the 
most part of an oval shape, had their 
longer axes parallel to the planes of 
stratification (see fig. 61.). From this 
he inferred, that such strata must, at 
first, have been horizontal, each oval conglomerate ana lartdttoi)*. 

pebble having originally settled at the bottom of tlie water, with its 
flatter side parallel to the horizon, for the same reason tliat an egg 
will not stand on either end if unsupported. Some few, indeed, of 
the rounded stones in a conglomerate occasionally afford an exception 
to the above rule, for the same reason that we see on a shingle beach 
some oval or flat-sided pebbles resting on their ends or edges ; thcs(i 
liaving been forced along the bottom and against each other by a 
wave or current so as to settle in this position. 

Vertical strata, when they can be traced continuously upwards or 
downwards for some depth, are almost invariably seen to be parts of 
great curves, which may have a diameter of a few yards, or of several 
miles. I shall first describe two curves of considerable regularity, 
which occur in Forfarshire, extending over a^ountry twenty miles in 
breadth, from the foot of the Grampians to the sea near Arbroath. 

The mass of strata here shown may be nearly 2000 feet in thick- 
ness, consisting of red and white sandstone, and various coloured 
shales, the beds being distinguishable into four principal groups, 
namely, No. 1. red marl or shale; No. 2. red sandstone, used for 
building ; No. 3. conglomerate ; and No. 4. grey paving-stone, and 
tOe-stone, with green and reddish shale, containing peculiar organic 
remains. A glance at the section will show that each of the forma- 
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CCiuT. 

( -) j j 2, 8, 4^ fqpefttod thrice el the 

' 7 ^ surface, twice with a southerlf, and once 

^ ^ northerly incHnaltoii or d^p, and 

I the beds in No. L, which are nearly 
. \ 3 horisontal, are still brought up twice by 

\ I a slight curvature to the surface, once 

Vu \ ^ ^ Beginning at the 

I - ^ n I ^ north*west extremity, the rile-stones and 

1 < 1 1 j I conglomerates Na 4. and No. 3. are ver- 

y/jjl(l\\ generally form a ridge 

f yJ j] 4 ^ southern skirts of the 

? // \ Grampians. The superior strata Nos. 2. 

fif ^ become less and less inclined on 

I / « descending to the valley of Strathmore, 

f j / where the strata, having a concave 

^ //// / |1 bend, are said by geologists to lie in 

W / *Urough” or ‘‘basin.*^ Through the 

• J I /l centre of this valley runs an imaginary 

t ® ^ called technically a “synclinal 

^ \ i nil line,*' where the beds, which are tilted 

I W S opposite directions, may be supposed 

|s S d ^ to meet. It is most important for the 

I e*S observer to mark such lines, for he will 

I j. J\ perceive by the diagram, that in travel- 

^ north to the centre of the 

iaW^ ^ 2 basin, he is always passing from older 

v^\ ^ to newer beds ; whereas, after crossing 

i \ ^ ^ pursuing his course in 

Pi — ^ ^ I the same southerly direction, he is con- 

W V t" tinually leaving the newer, and adranc- 

lA \ I nfon older strata. All the deposits 
\ I which he had before examined begin 

** w \ \ ^ ^ recur in reversed order, until he 

j ^ \\ \ a arrives at the central axis of the Sidlaw 

' I where the strata are seen to form 

•i saddle^ having an anticlinal 

^ Jiili — the centre. On passing this 

line, and continuing towards the S. E., the formations 4, 3, and 2, are 
again repeated, in the same relative order of superposition, but with 
a southerly dip. At Whiteness (see diagram) it will be seen that the 
inclined strata are covered by a newer deposit, a, in horizontal beds. 
These are composed of red conglomerate and sand, and are newer 
than any of the groups, 1, 2, 3, 4, before described, and rest uncan^ 
formably upon strata of the sandstone group, No. 2. 

An example of curved strata, in which the bends or convolutions 
of the rock are sharper and far more numerous within an equal space, 
has been well described by Sir James HalL^ It occurs near St 
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Curvetl itrata of iUt« near Si. Abb'i Head, Berwickshire. ( Sir J. Halt.) 

of cliffs from 200 to 300 feet in height, and there are sixteen distinct 
bendings in the course of about six miles, the curvatures being alter - 
uatelj concave and convex upwards. 

An experiment was made by Sir James Hall, with a view of illus- 
trating the manner in which such strata, assuming them to have been 
originally horizontal, may have been forced into their present position. 
A set of layers of clay were placed under a weight, and their oppo- 
site ends pressed towards each other with such force as to cause them 
to approach more nearly together. On the removal of the weight, 
the layers of clay were found to be curved and folded, so as to bear 
a miniature resemblance to the strata in the cliffs. We must, how- 
ever, bear in mind, that in the natural section or sc^a-cliff wc only 
see the foldings imperfectly, one part being invisible beneath tht* 
.^ea, and the other, or upper portion, being supposed to have been 
carried away by denudation^ or that action of water which will be 


Fig. 64. 



explmned in the next chapter. The dark lines in the accompanying 
plan (fig. 64.) represent what is actually seen of the strata in part of 
the line of cliff alluded to ; the fainter lines, that portion which is 
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concealed beneath the sea level, as also that which is supposed to 
Jiave once existed above the present surface. 

We may still more easily illustrate the effects which a lateral thrust 
might produce on flexible strata, by placing several pieces of differ- 
ently coloured cloths upon stable, and when they are spread out hori- 

Fig. 66. 



zontally, cover them with a book. Then apply other books to each 
(11(1, and force them towards each other. The folding of the cloths 
will exactly imitate those of the bent strata. (See fig. 65 .) 

Whether the analogous flexures in stratified rocks have really been 
due to similar sideway movements is a question of considerable dilfi- 
( ulty. It will appear when the volcanic and granitic rocks are de- 
scribed that some of them have, when melted, been injected forcibly 
into fissures, while others, already in a solid state, have been pro- 
truded upwards through the incumbent crust of the earth, by which 
a great displacement of flexible strata must have been caused. 

But we also know by the study of regions liable to earthquakes, 
that tliere are causes at work in the interior of the earth capable ot 
producing a sinking in of tlie ground, sometimes very local, but some- 
times extending over a wide area. The frequent repetition, or con- 
tinuance throughout long periods, of such downward movements 
seems to imply the formation and renewal of cavities at a ct^rlain 
(h'pth below the surface, whether by the removal of matter by vol- 
(Minos and hot springs, or by the contraction of argillaceous rocks by 
heat and pressure, or any other combination of circumstances. What- 
ever conjectures we may indulge respecting the causes, it is certain 
that pliable beds may, in consequence of unequal degrees of subsi- 
dence, become folded to any amount, and have all the appearance ot 
having been compressed suddenly by a lateral thrust. 

The “ Creeps,” as they are called in coal-mines, afford an excellent 
illustration of this fact — First, it may be stated generally, that the 
excavation of coal at a considerable depth causes the mass of over- 
lying strata to sink down bodily, even when props are left to support 
the roof of the mine. “ In Yorkshire,” says Mr. Buddie, “ three dis- 
tinct subsidences were perceptible at the surface, after the clearing 
out of three seams of coal below, and innumerable vertical cracks 
>vere caused in the incumbent mass of sandstone and shale, which 
thus settled down.”* The exact amount of depression in these cases 
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can only be accurately measured where water accumulates on the 
surface, or a railway traverses a coal-field. 

When a bed of coal is worked out, pillars or rectangular masses 
of coal are left at intervals as props to support the roof, and prottMit 
the colliers. Thus in fig. 66., representing a section at Wallsend, 



Newcastle, the galleries which have been excavated are represented 
by the white spaces a 6, while the adjoining dark portions are parts 
of the original coal-seam left as props, beds of sandy clay or shale 
constituting the floor of the mine. When the props have been re- 
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dnced in size, theyzre pressed down bjr the 
(no less than 630 feet thick) upon the shsle 
squeezed and forced up into tlje open spaces. 

Now it might hare been expected, that instead of the 
up, the ceiling would sink down, and this effect, called a “ Thrus^ 
does, in fact, take place where the pavement is more solid than the 
roof. But it usually happens, in coal-mines, that the roof is com- 
posed of hard shale, or occasionally of sandstone, more unyielding 
than the foundation, which often consists of clay. Even where the 
argillac(?ous substrata are hard at first, they soon become softened 
and reduced to a plastic state when exposed to the contact of air and 
water in the fioor of a mine. 

The first symptom of a creep,’’ says Mr. Buddie, is a slight cur- 
vature at the bottom of each gallery, as at a, fig. 66.: then the 
pavement continuing to rise, begins to open with a longitudinal 
crack, as at d : then tlie points of the fractured ridge reach the roof, 
as at c ; and, lastly, the upraised beds close up the whole gallery, and 
the broken portions of the ridge are re-united and flattened at the 
top, exhibiting the flexure seen at d. Meanwhile the coal in the 
props has become crushed and cracked by pressure. It is also found 
that below the creeps a, b, c, d, an inferior stratum, called the 
“ metal coal,” which is 3 feet thick, has been fractured at the points 
e, /, g, h, and has risen, so as to prove that the upward movement, 
caused by the working out of the main coal,” has been propagated 
through a thickness of 54 feet of argillaceous beds, which intervene 
between the two coal seams. This same displacement has also been 
traced downwards more than 150 feet below the metal coal, but it 
grows continually less and less until it becomes imperceptible. 

No part of the process above described is more deserving of our 
notice than the slowness with which the change in the arrangement 
of the beds is brought about. Days, months, or even years, will 
sometimes elapse between the first bending of the pavement and the 
time of its reaching the roof. Wlwre the movement has been most 
rapid, the curvature of the beds is most regular, and the reunion of 
the fractured ends most complete ; whereas the signs of displacement 
or violence are greatest in those creeps which have required months 
or years for their entire accomplishment. Hence we may conclude 
that similar changes may have been wrought on a larger scale in the 
earth’s crust by partial and gradual subsidences, especially where 
the ground has been undermined throughout long periods of time ; 
and we must bo on our guard against inferring sudden violence, 
simply because the distortion of the beds is excessive. 

Between the layers of shale, accompanying coal, we sometimes see 
the leaves of fossil ferns spread out as regularly as dried plants 
between sheets of paper in the herbarium of a botanist. These fern- 
ieaves, or fronds, must have rested horizontally on soft mud, when 
first deposited. If, therefore, they and the layers of shale aCe now 
inclined, or standing on end, it is obviously the effect of subsequent 
derangement. The proof becomes, if possible, still more striking 


weight of overlying rocks 
below, which is thereby 
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when these strata^ including vegetable remains, are curved again and 
again, and even folded into the form of the letter Z. so that the same 
continuous lajer of coal is cut through several times in the same 
perpendicular shaft Thus, in the coal-field near Mons, in llelgium, 

r%. 67. 



these zigzag bendings are repeated four or five times, in the manne r 
represented in fig. 67., the black lines representing seams of coal.* 

Dip and Strike In the above remarks, several techiii(‘al terms 

have been used, such as dip^ the wnconformable position of strata, 
and the anticlinal and synclinal lines, which, as well as the strike of 
the beds, I shall now explain. If a stratum or bed of rock, instead 
of being quite level, be inclined to one side, it is said to dip ; the 
point of the compass to which it is inclined is called the point of dip^ 
and the degree of deviation from a level or horizontal lino is called 

Hie amount of dip^ or the anyle 
of dip. Thus, in the annexed 
diagram (fig. 68.), a scries of 
strata are inclined, and they dip 
to the north at an angle of forty - 
five degrees. The strike^ or line 
<f bearing, is the prolongation or extension of the strata in a direction 
at right angles to the dip ; and hence it is sometimes called the di- 
rection of the strata. Thus, in the above instance of strata dipping 
to the north, their strike must necessarily be east and west. Wo 
have borrowed the word from the German geologists, streichen sig- 
nifying to extend, to have a certain direction. Dip and strike may 
be aptly illustrated by a row of houses running east and west, the 
long ridge of the roof representing the Strike of the stratum of slates, 
which dip on one side to the north, and on the other to the south. 

A stratum which is horizontal, or quite level in all directions, has 
neither dip nor strike. 

It is always important for the geologist, who is endeavouring to 
comprehend the structure of a country, to learn how the Ix'ds dip in 
every part of the district; but it requires some practice to avoid 
being occasionally deceived, both as to the point of dip and the 
amount of it 



♦ See plan by M. Chevalier, Burat’a DAubuisson, tom. il p. 334. 



DIP AND STBIKP. 


54 


CCh, V. 


If the tipper surface of a hard stony stratum be uncovered, whether 
artificially in a quarry, or by the waves at the foot of a cliff, it is 
easy to determine towards what point of the compass the slope is 
steepest, or in what direction water would How, if poured upon it. 
This is the true dip. But the edges of highly inclined strata may 
give rise to perfectly horizontal lines in the face of a vertical cliflT, if 
the observer see the strata in the line of their strike, the dip being 
inwards from the face of the cliff. If^ however, we come to a break 
in the cliff, which exhibits a section exactly at right angles to the 
line of the strike, we are then able to ascertain the true dip. In the 
annexed drawing (fig. 69.), we may suppose a headland, one side of 


Flf. 69. 



Apparent honzonuMty Inclined itrmta. 


which facc.s to the north, where the beds would appear perfectly 
horizontal to a person in the boat; while in the other side facing the 
west, the true dip would be seen by the person on shore to be at an 
angle of 4(r. If, therefore, our observations are confined to a vertical 
precipice facing in one direction, we must endeavour to find a ledge 
or portion of the plane of one of the beds projecting beyond the 
others, in order to ascertain the true dip. 

If not provided with a clinometer, a most useful instrument, when 
it is of consequence to determine with precision the inclination of the 
strata, the observer may measure the angle within a few degrees by 

standing exactly opposite to a cliff where 
the true dip is exhibited, holding the 
lAuids immediately before the eyes, and 
placing the fingers of one in a perpen- 
dicular, and of the other in a horizontal 
position, as in fig. 70. It is thus easy 
to discover whether the lines of the in- 
clined beds bisect the angle of 90°, formed 
by the meeting of the hands, so as to give 
an angle of 45°, or w^hether it would di- 
vide the space into two equal or unequal 
portions. The upper dotted line may express a stratum dipping to 
the north ; but should the beds dip precisely to the opposite point of 
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the compass as in the lower dotted line, it will be seen that the amount 
of inclination may still be measured by the hands with equal facility. 

It has been akeady seen, in describing the curved strata on the 
east coast of Scotland, in Forfarshire and Berwickshire, that a series 
of concave and convex bendings are occasionally repeated several 
times. These usually form part of a series of parallel waves of 
strata, which are prolonged in the same direction throughout a con- 
siderable extent of country. Thus, for example, in the Swiss Jura, 
that lofty chain of mountains has been proved to consist of many 
parallel ridges, with intervening longitudinal valleys, as in fig. 71.. 
the ridges being formed by curved fossiliferous strata, of which 
the nature and dip are occasionally displayed in deep transverse 
gorges, called cluses,” caused by fractures at right angles to the 
direction of the chain.* Now let us suppose these ridges and parallel 
valleys to run north and south, we should then say that the strike of 
the beds is north and soutli, and the dip east and west. Lines 
drawn along the summits of the ridges, A, B, would be anticlinal 
lines, and one following the bottom of the adjoining valleys a syn- 
clinal line. It will be observed that some of these ridges. A, B, are 
unbroken on the summit, whereas one of them, C, has been fracturcMl 
along the line of strike, and a portion of it carried away by denud- 
ation, so that the ridges of the beds in the formations a, c, coiue 


Fig. 71. 



Section iUuitratlng the structure of the Swiss Jura. 


^ out to the day, or, as the miners 
say, crop outy on the sides of 
J valley. The ground plan of sue it 
I a denuded ridge as C, as given 
I in a geological map, may be ex- 
m pressed by the diagram fig. 72., 
^ and the cross section of the same 
by fig. 73. The line D E, fig. 72., 

Ground plan of the denuded ridge c, fig. 71. ftnticHnal line, on cach sido 


• See 11 Thurmsnn’s work, “Essai reiitniy, Paris. 1832,” with whom I cx- 
Bur lea Sod^vemenB Jnrassiques du Por- amined part of theae mountains in lS3d« 
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of which the dip is in opposite directions, as expressed by the 
arrows. The emergence of strata at the surface is called by miners 
their oui-crop or baueL 

If, Instead of being folded^ into parallel ridges, the beds form a 
boss or dome-shaped protuberance, and if we suppose the summit 
of the dome carried off, the ground plan would exhibit the edges of 
the strata forming a succession of circles, or ellipses, round a com- 
mon centre. Tliese circles are the lines of strihe, and the dip being 
always at right angles is inclined in the course of the circuit to every 
point of the compass, constituting what is termed a qua-quaversul 
dip — that is, turning each way. 

There are endless variations in the figures described by the basset- 
edges of the strata, according to the different inclination of the beds, 
and the mode in which they happen to have been denuded. One of 
the simplest rules with which every geologist should be acquainted, 
relates to the V-like form of tho beds as they crop out in an ordinary 
valley. First, if the strata be horizontal, the V-like form will be 
also on a level, and the newest strata will appear at the greatest 
heights. 

Secondly, if tho beds be inclined and intersected by a valley 
sloping in the same direction, and the dip of the beds be less steep 
than the slope of the valley, then the V’s, as they are often termed 
by miners, will point upwards (see fig. 74.), those formed by the 

newer beds appearing in 
a superior position, and 
extending highest up the 
valley, as A is seen above 
B. 

Thirdly, if the dip of 
the beds be steeper tliau 
the slope of the valley, 
then the Y’s will point 
downwards (see fig. 75.), 
and those formed of the 
older beds will now appear 
uppermost, as B appears 
above A. 

Fourthly, in every case 
where the strata dip in a 
contrary direction to the 
slope of the valley, what- 
ever be the angle of in- 
clination, the newer beds 
will appear the highest, 
as in the first and second 
cases. This is shown by 
the drawing (fig. 76.), 
which exhibits strata ris- 
ing at an angle of 20°, 


Fig. 74. 



Slope of valley 4(P, dip of strata 20^. 
Fig. 75 



Slope of valley SO®, dip of ttnu W>, 
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and crossed hj a valley, 
which declines in an oppo* 
site direction at 20®.® 
These rules may often 
be of great practical uti- 
lity ; for the different de- 
.. jw* gree» of occurring in 
the two cases represented 
in figures 74 and 75. may 
occasionally be encoun- 
tered in following the same 
line of dexure at points 
a few miles distant from 

Mope of vtlley 5 * 0 ®, dip of ttraU 20O, in opposite direction!. i. a • 

^ each other. A miner un- 

acquainted with the rule, who had first explored the valley (fig. 
74.), may have sunk a vertical shaft below the coal seam A, until 
he reached the inferior bed B. Ho might then pass to the valley 
fig. 75., and discovering there also the outcrop of two coal seams, 
might begin his workings in the uppermost in the expectation of 
coming down to the other bed A, which would be observed cropping 
out lower down the valley. But a glance at the section will demon- 
strate the futility of such hopes. 

In the majority of cases, an anticlinal axis forms a ridge, and a 
synclinal axis a valley, as in A, B, fig. 62. p. 48. ; but there are 
Fig. 77. exceptions to this rule, the beds sometimes 

sloping inwards from either side of a moun- 
tain, as in fig. 77. 

On following one of the anticlinal ridges 
I of the Jura, before mentioned. A, B, C, fig. 
I 71., we often discover longitudinal cracks 
and sometimes large fissures along the line 
where the flexure was greatest. Some of these, as above stated, 
have been enlarged by denudation into valleys of considerable width, 
as at C, fig. 71., which follow the line of strike, and which we may 
suppose to have been hollowed out at the time when these rocks were 
still beneath the level of the sea, or perhaps at the period of their 
gradual emergence from beneath the waters. The existence of such 
cracks at the point of the sharpest bending of solid strata of limesume 
is precisely what we should have expected ; but the occasional 
want of all similar signs of fracture, even where the strain has l:)cen 
greatest, as at a, fig. 71., is not always easy to explain. We must 
imagine that many strata of limestone, chert, and other rocks which 
are now brittle, were pliant when bent into their present position. 



♦ I am indebted to the kindness of originals, turning them about In different 
T. Sopwith, Esq., for three models which ways, be would at once comprehend their 
I have copied in the abore diagrams ; meaning as well as the unpciit of others 
but the be^ner may find it by no means far more complicated, which the same 
easy to understand such copies, althou^ engineer has constructed to illostrate 
if he were to examine and handle the fauki. 
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They may hare owed their flexibility in part to the fluid matter 
which they contained in their minute pores, as before described 
(p. 35.), and in part to the permeation of sea- water while they were 
yet submerged# 

At the western extremity of the Pyrenees, great curvatures of the 
strata are seen in the sea cliffs, where the rocks consist of marl, grit, 
and chert* At certain points, as at a, fig. 78., some of the bendings 

Fig. 78. 



Strata of chert, grit, and mar), near St. Jeon de Lux. 


of tlie flinty chert are so sharp, that specimens might be broken off, 
well fitted to serve as ridge-tiles on the roof of a house. Although 
this chert could not have been brittle as now, when first folded into 
tills shape, it presents, nevertheless, here and there at the points of 
greatest flexure small cracks, which show that it was solid, and not 
wholly incapable of breaking at the period of its displacement. The 
numerous rents alluded to are not empty, but filled with calcedony 
and quartz. 

Betwwn San Caterina and Castrogiovanni, in Sicily, bent and 
undulating gypseous marls occur, with here and there thin beds of 
j. jg 79 solid gypsum interstratified. Sometimes 

these solid layers have been broken into 
detached fragments, still preserving their 
sharp edges fig. 79.), w^hile the con- 
tinuity of the more pliable and ductile 
marls, m m, has not been interrupted. 

I shall conclude my remarks on bent 
strata by stating, that, in mountainous 
m, marl. regions like the Alps, it is often difficult 
for an experienced geologist to determine correctly the relative age 
of beds by superposition, so often have the strata been folded back 
upon themselves, the upper parts of the curve having been removed 
by denudation. Thus, if we met with the strata seen in the section 
fig. 80., we should naturally suppose that there were twelve distinct 

beds, or sets of beds, No. 1. being the 
newest, and No. 12. the oldest of the 
series. But this section may, perhaps, 
exhibit merely six beds, which have 
been folded in the manner seen in 
fig. 81., so that each of them is twice repeated, the position of one 
half being reversed, and part of No. 1., originally the uppermost, 
having now become the lowest of the series. These phenomena are 
often observable on a magnificent scale in certain regions in Switzer- 
land in precipices from 2000 to 8000 feet in perpendicular height. 
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In the Iselten Alp, in the valley of the Lutachine, between Unterscoi\ 
and Grindelwald, curves of calcareous shale are seen from 1000 to 
1500 feet in height, in which the beds sometimes plunge down ver- 
tically for a depth of 1000 feet and more, before tliey bend round 

Fig. 82. 



Curved ftraU of Uie lielten Alp. 

again. There are many flexures not inferior in dimensions in the 
Pyrenees, as those near Gavarnie, at the base of Mont Perdu. 

Unconformable stratifiention. — Strata are said to be unconforni- 
able, w’hen one series is so placed over another, that the planes of the 
superior repose on the edges of the inferior (see fig. 83.). In this 

Fig. S3. 


Unconfomabte junction of old red tatiditone and Silurlwi whUt at the Slocar Point, near 8l, Abb • 
Head, Berwlckihlre. See al»o FrontUplece. 

case it is evident that a period had elapsed betw^n the production 
of the two sets of strata, and that, during this interval, the older 
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series had been tilted and disturbed. Afterwards the upper series 
was thrown down in horizontal strata upon it If these superior 
beds, as df, d, fig. 83., are also inclined, it is plain that the lower 
strata, o, o, have been twice displaced ; first, before the deposition of 
the newer beds, d, d, and a second time when these same strata were 
thrown out of the horizontal position. 

Playfair has remarked • that this kind of junction which we now 
call unconformable had been described before the time of Hutton, 
but that he was the first geologist who appreciated its importance, as 
illustrating the high antiquity and great revolutions of the globe. 
He had observed that where such contacts occur, the lowest beds of 
the newer series very generally consist of a breccia or conglomcrato 
consisting of angular and rounded fragments, derived from the break- 
ing up of the more ancient rocks. On one occasion the Scotch 
geologist took his two distinguished pupils, Playfair and Sir James 
Hall, to the clilfs on the east coast of Scotland, near the village of 
Eyemouth, not far from St. Abb’s Head, where the schists of the 
Lammennuir range are undermined and dissected by the sea. Here 
the curved and vertical strata, now known to be of Silurian age, and 
which often exhibit a ripple-marked surface, are well exposed at 
the headland called the Siccar Point, penetrating with tlieir edges 
into the incumbent beds of slightly inclined sandstone, in which large 
pieces of the schist, some round and others angular, arc united by an 
arenaceous cement. “ What clearer evidence,” exclaims Playfair, 

could wo have had of the different formation of these rocks, and of 
the long interval which separated their formation, had we actually 
seen them emerging from the bosom of the deep ? We felt ourselves 
necessarily carried back to the time when the schistus on which we 
stood was yet at the bottom of the sea, and when the sandstone before 
us was only beginning to be deposited in the shape of sand or mud, 
from the waters of a superincumbent ocean. An epoch still more 
remote presented itself, when even the most ancient of these rocks, 
instead of standing upright in vertical beds, lay in horizontal planes 
at the bottom of the sea, and was not yet disturbed by that immea- 
surable force which has burst asunder the solid pavement of the 
globe. Revolutions still more remote appeared in the distance of 
this extraordinary perspective. The mind seemed to grow giddy by 
looking so far into the abyss of time ; and while we listened witli 
earnestness and admiration to the philosopher who was now unfold- 
ing to us the order and series of these wonderful events, we became 
sensible how much farther reason may sometimes go than imagina- 
tion can venture to follow,” f 

In the annexed illustration (fig. 83 A), the read^ will see a view of 
this classical spot, reduced from a large picture, faithfully drawn and 
coloured from nature by the youngest son of the late Sir James Hall. 
It was impossible, however, to do justice to the original sketch, in an 

* Biogrti^ical account of Dr. Hutton. 

t Playfair, ibid.; see his Works, Edin. 1822, vol iv. p. 81. 
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engraving, as the contrast of the red sandstone and the light fawn- 
coloured vertical schists could not be expressed. From the point of 
view here selected, the underlying beds of the perpendicular schist, o, 
are visible at b through a small opening in the fractured beils of the 
covering of red sandstone, d df, while on the vertical face of the old 
schist at a* a*' a conspicuous ripplc-mark is displayed. 

It often happens in the interval between the deposition of two 
sets of unconformable strata, the inferior rock has not only been 
denuded, but drilled by perforating shells. Thus, for example, at 
Autreppe and Gusigny, near Mons, beds of an ancient (primary or 


Fig. S4. 



paleozoic) Ivneetone, highly inclined, and often lx‘nt, are covered witli 
horizontal strata of greenish and whitish marls of the Cretaceous 
formation. The lowest and therefore the oldest bed of the horizontal 
series is usually the sand and conglomerate, a, in which are rounded 
fragments of stone, from an inch to two feet in diameter. These frag- 
ments have often adhering shells attached to them, and have been 
bored by perforating mollusca. The solid surface of the inferior 
limestone has also been bored, so as to exhibit cylindrical and pear- 
shaped cavities, as at c, the work of saxicavous mollusca; and many 
rents, as at by which descend several feet or yards into the limestone, 
have been filled with sand and shells, similar to those in the stratum a. 

Fractures of the strata and faults, — Numerous rents may often be 
seen in rocks which appear to liave been simply broken, the sepa- 
rated parts remaining in the same places ; but we often find a fissure, 
several inches or yards wide, intervening between the disunited por- 
tions. These fissures are usually filled with fine earth and sand, or 
with angular fragments of stone, evidently derived from the fracture 
of the contiguous rocks. 

It is not uncommon to find the mass of rock, on one side of a 
fissure thrown up above or down below the mass with which it was 
once in contact on the other side. This mode of displacement is 
called a shift, slip, or fault. ‘‘ The miner, ^ says Playfair, describing a 
fault, is often perplexed, in his subterraneous journey, by a derange- 
ment in the strata, which changes at once all those lines and bearings 
which had hitherto directed his course. When his mine reaches a 
certain plane, which is sometimes perpendicular, as in A B, fig. 85. , 
sometimes oblique to the horizon (as in C D, ibid.), he finds the beds 
of rock broken asunder, those on the one side of the plane having 
changed their place, by sliding in a particular direction along the 
face of the others. In this motion they have sometimes preserved 
their parallelism, as in fig, 85., so that the strata on each side of the 




' V f1 ^ b fj 

E F, fault or fiaiurc filled with rubbish, on each tide of which the shifted 
strata are not parallel. 

their identity is still to be recognized by their possessing the same 
tliickness and the same internal characters.^* 

In Coalbrook Dale, says Mr. Prestwich f , deposits of sandstone, 
shale, and coal, several thousand feet thick, and occupying an area 
of many miles, have been shivered into fragments, and the broken 
remnants have been placed in very discordant positions, often at 
levels differing several hundred feet from each other. The sides of 
the faults, when perpendicular, are commonly separated several yards, 
but are sometimes as much as oO yards asunder, the interval being 
filled with broken debris of the strata. In following the cour.se of 
the same fault it is sometimes found to produce in different places 
very unequal change.s of level, the amount of shift being in one place 
i)00, and in another 700 feet, which arises, in some cases, from the 
union of two or more faults. In other words, the disjointed strata 
have in certain districts been subjected to renewed movements, which 
they have not suffered elsewhere. 

We may occasionally see exact counterparts of these slips, on a 
small scale, in pits of loose sand and gravel, many of which have 
doubtless been caused by the drying and shrinking of argillaceous 
and other beds, slight subsidences having taken place from failure 
of support Sometimes, however, even these small slips may have 
been produced during earthquakes ; for land has been moved, and its 
level, relatively to the sea, considerably altered, within the period 
when much of the alluvial sand and gravel now covering the surface 
of continents was deposited, 

** Playfair, Blast of Hutt. Theory’, t GeoL Traua second series, vol v, 
§ 42. p. 462. 
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I have already stated that a geologist moat be on his guard, in a 
region of disturbed strata, against inferring repeated alternatioiis of 
rocks, when, in fact, the same strata, once continuous, have been 
bent round so as to recur in the same section, and with the same dip, 
A similar mistake has often been occasioned by a series of faulu. 

If, for example, the dark line A H (fig. 87.) represent the surface 
of a country on which the strata abc frequently crop out, an observer, 


Fif. M. 



Apparent altemattonf of ttrtu cauaed by vertical fault*. 


who is proceeding from H to A, might at first imagine that at every 
step he was approaching new strata, w^hereas the repetition of the 
same beds has been caused by vertical faults, or downthrows. Thus, 
suppose the original mass, A, B, C, D, to have been a set of uniformly 
inclined strata, and that the different masses under EF, F G, and 
G D, sank down successively, so as to leave vacant the spaces marked 
in the diagram by dotted lines, and to occupy those marked by the 
continuous lines, then let denudation take place along the line A H, 
so that the protruding masses indicated by the fainter lines are swept 
away, — a miner, who has not discovered the faults, finding the mass 
a, which we will suppose to be a bed of coal four times repeated, 
might hope to find four beds, workable to an indefinite depth, but 
first on arriving at the fault G he is stopped suddenly in his workings, 
upon reaching the strata of sandstone c, or on arriving at the line of 
fault F he comes partly upon the shale h, and partly on the sandstone 
c, and on reaching E he is again stopped by a wall composed of the 
rock d. 

The very different levels at which the separated parts of the same 
strata are found on the different sides of the fissure, in some faults, 
is truly astonishing. One of the most celebrated in England is that 
called the “ ninety-fathom dike,” in the coal-field of Newcastle. This 
name has been given to it, because the same beds are ninety fathoms 
lower on the northern than they are on the southern side. Ihe 
fissure has been filled by a body of sand, which is now in the state 
of sandstone, and is called the dike, which is sometimes very narrow, 
but in other places more than twenty yards wide- * The walls of the 

• Conybeai'e and Phillips, Outlines, &c. p. 376. 
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fifttnre w*e secured by groom, «och sa would have been produced if 
the broken ends of the rock hsd been rubbed along the plane of the 
fault^ In the Tyncdale and Craven faults, in the north of England, 
the vertical displacement is still greater, and the fracture has ex- 
tended in a horiaontal direction for a distance of thirty miles or more* 
Some geologists consider it necessary to imagine that the upwai^ or 
downward movement in these cases was accomplished at a single 
stroke, and not by a series of sudden but interrupted movements* 
This idea appears to have been derived from a notion that the grooved 
walls have merely been rubbed in one direction. But this is so far 
from being a constant phenomenon in faults, that it has often been 
objected to the received theory respecting those polished surfaces 
called ‘‘slickcnsides^ that the striae are not always parallel, but 
often curved and irregular. It has, moreover, been remarked, that 
not only the walls of the fissure or fault, but its earthy contents, 
sometimes present the same polished and striated faces. Now 
tlicse facts seem to indicate partial changes in the direction of the 
movement, and some glidings subsequent t4) the first filling up of 
the fissure. Suppose the mass of rock A, B, C, to overlie an ex- 
tensive chasm d r, formed at the depth of several miles, whether by 

Fig. S8. 

ABC 



tlie gradual contraction in bulk of a melted mass passing into a solid 
or crystalline state, or the shrinking of argillaceous strata, baked by a 
moderate heat, or by the subtraction of matter by volcanic action, or 
any other cause. Now, if this region be convulsed by earthquakes, 
the fissures / and others at right angles to them, may sever the 
mass B from A and from C, so that it may move freely, and begin 
to sink into the chasm* A fracture may be conceived so clean and 
perfect as to allow it to subside at once to the bottom of the subter- 
ranean cavity ; but it is far more probable that the sinking will be 
effected at successive periods during different earthquakes, the mass 
always continuing to slide in the same direction along the planes of 
the fissures / and the edges of the falling mass being continually 
more broken and triturated at each convulsion. If, as is not im- 
probable, the circumstances which have caused the failure of support 
continue in operation, it may happen that when the mass B has filled 
the cavity first formed, its foundations will again give way under it, 
so that it will fall again in the same direction* But, if the direction 
should change, the fact could not be discovered by observing the 
slickensides, because the last scoring would efface the lines of pre- 
vious friction. In the present state of our ignorance of the causes 
of subsidence^ an hypothesis which can explain the great amount of 
displacement in some faulty on sound mechanical principles, by 
♦ PhilHps, G«fiogy, Lardnefs Qyclop. p. 41. 
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succession of moTemeiits, is f»r prefemble to any theory wWch a<». 
sumes each fault to have been accomplished by a single upcast or 
downthrow of several thousand feet. For we know that there are ^ 
operations now in progress, at great depths in the interior of th<» 
earth, by which both large and small tracts of ground are made to 
rise above and sink below their former level, some slowly and in* 
sensibly, others suddenly and by starts, a few feet or yards at a time ; 
whereas there are no grounds for believing that, during the last 3()()(» 
years at least, any regions have been either upheaved or depressed, 
at a single stroke, to the amount of several hundred, much less several 
thousand feet. When some of the ancient marine formations an 
described in the sequel, it will appear that their structure and 
organic contents (the fossils often belonging exclusively to shallow 
water species and genera) point to the conclusion, that the door of 
the ocean was slowly sinking at the time of their origin. The down- 
ward movement was very gradual, and in Wales and the contiguous 
parts of England a maximum thickness of 32,000 feet (more tlian • 
six miles) of Carboniferous, Devonian, and Silurian rock was formed, 
whilst tlr bed of the sea was all the time continuously and tran- 
quilly suosiding.* Whatever may have been the changes whicli xhv 
solid foundation underwent, whether accompanied by the meltinj'. 
consolidation, crystallization, or desiccation of subjacent mineral 
matter, it is clear from the fact of the sea having remained shallow 
all the while that the bottom never sank down suddenly to the depth 
of many hundred feet at once. 

It is by assuming such reiterated variations of level, each separaudy 
of small vertical amount, but multiplied by time till they acquire im- 
portance in the aggregate, that we are able to explain the phenomemi 
of denudation, which will be treated of in the next chapter. By sucli 
movements, every portion of the surface of the land becomes in 
turn a line of coast, and is exposed to the action of the waves and 
tides. A country which is undergoing such movement is nev( r 
allowed to settle into a state of equilibrium, therefore the force id 
rivers and torrents to remove or excavate soil and rocky masses is 
sustained in undiminished energy. 

• the results of the “ Geological Survey of Great Britain ; ** Mcmoiri, vols. 1 

and iL, bj Sir H. De la Beebe, Mr. A C. Bamsay, and Mr. Jo)^ FhiJUp&. 
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CHAPTER Vr. 

DENUDATION. 

DeiJodation defined — Its amount equal to the entire mass of stratified deposits in 
the earth’s crust — Horizontal sandstone denuded in Koss'shirc — Lcvciicd surface 
of countries in which great faults occur— Coalbrook Dale — Denuding power of 
thcfxjean during the emergence of land — Origin of Valleys — Obliteration of sea- 
clitfs — Inland sea-cliff’s and terraces in the Morea and Sicily — Limestone pillars 
at St. MihicI, in France — in Canada — in the Bermudas. 

Denudation, which has been occasionally spoken of in the preceding 
cliapters, is the removal of solid matter by water in motion, whether of 
rivers or of the waves and currents of the sea, and the consequent lay- 
ing bare of some inferior rock. Geologists have perhaps been stddom 
in the habit of reflecting that this operation has extTted an influence 
on the structure of the earth’s crust as universal and important as 
sedimentary deposition itself; for denudation is the inseparable ac- 
companiment of the production of all new strata of mechanical origin. 
The formation of every new deposit by the transport of sediment and 
pebbles necessarily implies that there has been, somewhere else, a 
grinding down of rock into rounded fragments, sand, ormtul, equal in 
quantity to the new strata. All deposition, therefore, except in the ca■^e 
of a shower of volcanic ashes, is the sign of superficial waste goingon 
contemporaneously, and to an equal amount elsewhere. The gain at 
one point is no more than suffudent to balance the loss at some other. 
Here a lake has grown shallower, there a ravine has been deepened. 
The bed of the sea has in one region been raised by the accumulation 
of new matter, in another its depth has been augmented by the 
abstraction of an equal quantity. 

When we see a stone building, w© know that somewhere, far or 
near, a quarry has been opened. The courses of stone in tlie building 
may be compared to successive strata, the quarry to a ravine or valley 
which has suifered denudation. As the strata, like tlie courses of 
liewn stone, have been laid one upon another gradually, so the ex- 
cavation both of the valley and quarry have been gradual. To pursue 
the comparison still farther, the superficial heaps of mud, sand, and 
gravel, usually called alluvium, may be likened to the rubbish of a 
quarry which has been rejected as useless by the workmen, or has 
iallen upon the road between the quarry and the building, so as to 
lie scattered at random over the ground. 

If, then, the entire mass of stratified deposits in the earth’s crust 
is at once the monument and measure of the denudation which has 
taken place, on how stupendous a scale ought we to find the signs of 
this removal of transported materials in past aires ! Accordingly, 
there ai*e different classes of phenomena, which attest in a most 
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VaUe>s of denudation, 
a. ailuvium. 


Striking manner the vast spaces left vacant bj the erosive power of 
water. I may allude, first, to those valleys on both sides of which 
the same strata are seen following each other in the same order, and 
having the same mineral composition and fossil contents. We may 
observe, for example, several formations, as Nos. 1, 2, 3, 4, in the 
Ffg.w. accompanying diagram (fig. 89.); No. 1. 

conglomerate. No. 2. clay, No. 3. grit, and 
No. 4. limestone, eacli repeated in a serien 
of hills sc'parated by valleys varying in 
depth. When we exiunine the subordi- 
nate parts of these four formations, we 
find, in like manner, distinct beds in each 
corresponding, on the opposite sides of the valleys, both in compo- 
sition and order of position. No one can doubt that the strata were 
originally continuous, and that some cause has swept away the por- 
tions which once connected the whole series. A torrent on the side 
of a mountain produces similar iatiTruptions ; and wdien we make 
artificial cuts in lowering road.s, we expose, in like manner, corre 
spondi' g beds on either .side. But in nature, these appearances occur 
in mountains several thousand feet high, and sejiarated by intervals 
of many miles or leagues in extent, of which a grand exernpliticHtion 
is descrilicd by Dr. Macculloch, on the north-western coast of Ross- 
shire in Scotland.* 

rig. 90. 

Suil Velnn. Cou) bt?g. Cuul more. 







Denudation of rod sandstone on north-west Cfmst of Ross shire. (MacruUiK'h.) 

The fundamental rock of that country is gmdss, in disturbed strata, 
on which beds of nearly horizontal red sandstone rest unconforinably. 
Tlie latter are often very thin, forming mere flags, with their surfaces, 
di.stinctly ripple-marked. They end abruptly on the declivities of 
many insulated mountains, which rise up at once to the height of 
about 2000 feet above the gneiss of the surrounding plain or table 
land, and to an average elevation of about 3000 feet above tlic rt(*a, 
wliicli all their summits generally attain. Tlie base of gm iss varies 
in height, so that the lower portions of the sandstone occupy different 
levels, and the thlckne.ss of the mass is various, sometimes exceeding 
3000 feet. It is impossible to (compare these scattered and detached 
])ortions without imagining that the whole <?buntry lias once b<*cn 
covered with a great body of sandstone, and that mas^^es from 10(K) 
to more than 3000 feet in thickness have been removed. 

In the “ Survey of Great Britain” (vol. i.). Professor Ramsay 
has shown that the missing beds, removed from the summit of tin? 
Mendips, must have been nearly a mile in thickness ; and he has 
pointed out considerable areas in South Wales and some of the ad- 

* Western Blands, vol. ii. p. 9.3. pi. 31. fig. 4. 
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jacent counties of England, where a series of primary (or palaeozoic) 
strata, not less than 11,000 feet in thickness, b^n stripped oC 
All these materials have of course been transported to new regions, 
and have entered into the composition of more modem formations. On 
the other hand, it is shown by observations in the same “ Survey,” that 
the palieozoic strata are from 20,000 to 30,000 feet thick. It is clear 
that such rocks, formed of mud and sand, now for the most part 
consolidated, are the monuments of denuding operations, which took 
place on a grand scale at a very remote period in the earth’s history. 
For, whatever has been given to one area must always have been 
borrowed from another ; a truth which, obvious as it may seem when 
thus stated, must be repeatedly impressed on the student’s mind, 
because in many geological speculations it is taken for granted that 
tfie external crust of the earth has been always growing thicker in 
consequeiKJO of the accumulation, period after period, of sedimentary 
matter, as if the new strata were not always produced at the expense 
of pro-existing rocks, stratified or unstratihed. By duly reflecting 
on the fact, that all deposits of mechanical origin imply the trans- 
portation from some other region, whether contiguous or remote, of 
an equal amount of solid matter, we perceive that the stony exterior 
of the planet must always have grown thinner in one place, whenever, 
by accessions of new strata, it was acquiring thickness in another. 
No doubt the vacant space left by the missing rocks, after extensive 
denudation, is less imposing to the imagination than a vast thickness 
of conglomerate or sandstone, or the bodily presence as it w^ere of a 
mountain-chain, with all its inclined and curved strata. But the 
denuded tracts speak a clear and emphatic language to our reason, 
and, like repeated layers of fossil nummulites, corals or shells, or 
like numerous seams of coal, each based on its under-clay full of the 
roots of trees, still remaining in their natural position, demand an 
indefinite lapse of time for their elaboration. 

No one will maintain that the fossils entombed in these rocks did 
not belong to many successive generations of plants and animals. 
In like manner, each sedimentary deposit attests a slow and gradual 
action, and the strata not only serve as a measure of the amount 
of denudation simultaneously effected elsewhere, but are also a cor- 
rect indication of the rate at which the denuding operation was 
carried on. 

Perhaps the most convincing evidence of denudation on a mag- 
nificent scale is derived from the levelled surfaces of districts where 
large faults occur. I have shown, in fig. 87. p. 63., and in fig. 91., 
how angular and protruding masses of rock might naturally have 
been looked for on the surface immediately above great faults, al- 
though in fact they rarely exist. This phenomenon may be well 
studied in those districts where coal has b^n extensively worked, for 
there the former relation of the beds which have shifted their position 
may be determined with great accuracy Thus the coal field of 
Ashby de la Zouch, in Leicestershire (see fig. 91.), a fault occurs, on 
one side of which the coal beds nb c d rise to the height of 500 feet 
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Faulu and denud«d coal urata, Athbjr de U Zouch. ( Mainroatt.) 


above the corresponding beds on the other side. But the uplifted 
strata do not stand up 500 feet above the general surface ; on the 
contrary, the outline of the country, as expressed by the line z z, is 
uniformly undulating without any break, and the mass indicated by 
the dotted outline must have been washed away.* There are proofs 
of this kind in some level countries, where dense masses of strata 
have been cleared away from areas several hundred square miles in 
extent. 

Li the Newcastle coal district it is ascertained that faults occur in 
which the upward or downward movement could not have been less 
than 140 fathoms, which, had they affected tlie configuration of the 
surface to an equal amount, would produce raouniains with pre- 
cipitous escarpments nearly 1000 feet high, or chasms of the like 
dgpth ; yet is the actual level of the country absolutely uniform, 
affording no trace whatever of subterranean movemenis.t 

The ground from wliich these materials liave been reniov(‘d is 
usually overspread with heaps of sand and gravel, formed out of tlio 
ruins of the very rocks which have disappeared. Thus, in the dis- 
tricts above referred to, they consist of rounded and angular frag- 
ments of hard sandstone, limestone, and ironstone, with a small 
quantity of the more destructible shale, and even rounded [lieces of 
coal. 

Allusion lias been already made to the shattercil state and dis- 
cordant position of the carboniferous strata in Coalbrook Dale 
(p. 62.). The collier cannot proceed three or four yards without 
meeting with small slips, and from time to time he encounters faults 
of considerable magnitude, wliich have thrown the rocks up or 
down several hundred feet. Yet the superficial inequalities to which 
these dislocated masses originally gave rise are no longer dis(UTnible, 
and the comparative flatness of the existing surface can only he 
explained, as Mr. Prestwich has observed, by supposing the frac- 
tured portions to have been removed by water. It is also clear that 
strata of red sandstone, more than 1000 feet thick, which once 
covered the coal, in the same region, have been carried away from 
large areas. That water has, in this case, been the denuding agent, 
we may infer from the fact that the rocks have yielded according to 

♦ See Mammatt’s Geological Facts, t Conybearc*# Report to Brit Assoc. 
&c. p. 90. and plate. 1S42, p. 381. 
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their diflTerent degrees of hardness ; the hard trap of the Wrekin, for 
example, and other hills, having resisted more than the softer shale 
and sandstone, so as now to stand out in bold relief. * 

Origin o/valiegs, — Many of the earlier geologists, and Dr. Hutton 
among them, taught that “nver^ have in general hollowed out their 
valleys."* This is no doubt true of rivulets and torrents which are 
the feeders of the larger streams, and which, descending over rapid 
slopes, arc most subject to temporary increase and diminution in the 
volume of their waters. It must also be admitted that the quantity 
of mud, sand, and pebbles constituting many a modern delta is so 
considerable as to j)rove that a very large part of the inequalities now 
existing on the earth’s surface are due to duviatile action ; but 
the principal valleys in almost every great hydrographical basin in 
the world, are of a shape and magnitude which imply that they 
have been due to other causes besides the mere excavating power of 
rivers. 

Some geologists have imagined that a deluge, or succession of 
deluges, may have been the chief denuding agency, and they have 
H[)eeulated on a series of enormous waves raised by the instantaneous 
upthrow of continents or mountain chains out of the sea. But even 
were we disposed to grant such sudden upheavals of the floor of the 
oe<*an, and to assume that great waves would be the consequence of 
cacli convulsion, it is not easy to explain the observed phenomena by 
the aid of so gratuitous an hypothesis. 

On the other hand, a machinery of a totally different kind seems 
capable of giving rise to effects of the required magnitude. It has 
now been ascertained that tlie rising and sinking of extensive por- 
tions of the earth’s crust, whether insensibly or by a rejK^tition of 
sudden shocks, is part of the actual course of nature, and we may 
easily comprehend liow the land may have been exposed during these 
movements to abrasion by the waves of tlie sea. In the same 
manner as a mountain mass may, in the course of ages, be formed 
by sedimentary deposition, layer after layer, so masses equally 
voluminous may in time waste away by inches ; as, for example, if 
beds of incoherent materials are raised slowly in an open sea w here 
a strong current prevails. It is well known that some of these 
oceanic currents have a breadth of 200 miles, and that they some- 
times run for a thousand miles or more in one direction, retaining a 
considerable velocity even at the depth of several liundred feet. 
Under these circumstances, the flowing waters may have power to 
(dear away each stratum of incoherent materials as it rises and 
approaches the surface, where the waves exert the greatest force ; 
and in this manner a voluminous deposit may be entirely swept 
away, so that, in the absence of faults, no evidence may remain of 
the denuding operation. It may indeed be affirmed that the signs of 
waste will usually be least obvious where the destruction has been 
most complete ; for the annihilation may have proceeded so far, that 
no ruins are left of the dilapidated rocks, 

* Prestwich, GeoL Trans, second series, vol, v. pp. 452. 4T3. 
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Although denudation has had a levelling induence on some 
countries of shattered and disturl>ed strata (see fig. 87. p. 63. and 
fig. 91. p. 69.), it has more commonly been the cause of superficial 
inequalities, especially in regions of boriaontal stratification. The 
general outline of these regions is that of fiat and level plutforms, 
interrupted by valleys often of considerable depth, and ranufying 
in various directions. These hollows may once have formed bays 
and channels between islands, and the steepest slope on the sides of 
each valley may have been a sea-cliff, which was undermined for 
ages, as the land emerged gradually from the deep. We may 
suppose the position and course of each valley to have been originally 
determined by differences in the hai*dness of the rocks, and by rents 
and joints which usually occur even in horizontal strata. In moun- 
tain chains, such as the Jura before described (see fig. 71. p. 55.), 
we perceive at once that the principal valleys have not been due to 
jiqueous excavation, but to those mechanical movements which hav(s 
bent the rocks into their present form. Yet even in the Jura there 
are many valleys, such as C (fig. 71.), which have been hollowed out 
b’ water ; and it may be stated that in every part of the globe the 
unevenness of the surface of the land has been due to the combined 
influence of subterranean movements and denudation. 

I may now recapitulate a few of the conclusions to which we have 
arrived; first, all the mechanical strata have been accumulated 
gradually, and the concomitant denudation has been no less gradual : 
secondly, the dry land consists in great part of strata formed origin- 
ally at the bottom of the sea, and has been made to emerge and 
attain its present height by a force acting from beneath : thirdly, no 
combination of causes has yet been conceived so capable of producing 
extensive and gradual denudation, as the action of the waves and 
currents of the ocean upon land slowly rising out of the deep. 

Now, if we adopt these conclusions, wo shall naturally be led to 
look everywhere for marks of the former residence of the sea upon 
the land, especially near the coasts from which the last retreat of the 
waters took place, and it will be found that such signs are not 
wanting. 

1 shall have occasion to speak of ancient sea-cliffs, now far inland, 
in the south-east of Pmgland, when treating in Chapter XIX. of tlio 
denudation of the chalk in Surrey, Kent, and Sussex. Lines of 
upraised sea-beaches of more modern date are traced, at various 
levels from 20 to 100 feet and upwards above the present sea-level, 
for great distances on the east and west coastaof Scotland, as well ns 
in Devonshire, and other counties in England. These ancient beach- 
lines often form terraces of sand and gravel, including littoral shells, 
some broken, others entire, and corre^onding with species now 
living on the adjoining coast. But it would be unreasonable to 
expect to meet everywhere with the signs of ancient shores, since no 
geologist can have failed to observe how soon all recent marks of the 
kind above alluded to are obscured or entirely effaced, wherever, in 
consequence of the altered state of the tides and currents, the sea has 
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receded for a few centuries. We see the cliffs crumble down in a 
few years if composed of sand or clay, and soon reduced to a gentle 
slope* If there were shells on the beach, they decompose, and their 
materials are washed away, after which the sand and shingle may 
resemble any other alluviums scattered over the interior. 

The features of an ancient shore may sometimes be concealed by 
the growth of trees and shrubs, or by a covering of blown sand, a 
good example of which occurs a few miles west from Dax, near 
Bourdeaux, in the south of France. About twelve miles inland, a 
steep bank may be traced running in a direction nearly north-east 
and south-west, or parallel to the contiguous coast. This sudden 
fall of about 50 feet conducts us from the higher platform of the 
Landes to a lower plain which extends to the sea. The outline of 


Fig. 92. 



Section of Inlmnd cliff at Abeite, noar Dax. 
a. Sand of the Landei. 5. Limestone. c. Clay. 


tilo ground suggested tome, as it would do to every geologist, the 
opinion that the bank in question was once a sea-cliff, when the 
Avhole country stood at a lower level. But this is no longer matter 
of conjecture, for, in making excavations in 1830 for the foundation 
of a building at Abease, a quantity of loose sand, which formed the 
slf>po d €, was removed ; and a perpendicular cliff, about 50 feet in 
Iieight, which had hitherto been protected from the agency of the 
elements, was exposed. At the bottom appeared the limestone 5, 
i'ontaining tertiary shells and corals, immediately below it the clay c, 
and above it the usual tertiary sand a, of the department of the 
Landes. At the base of the precipice were seen large partially 
rounded masses of rock, evidently detached from the stratum 5. 
The face of the limestone was hollowed out and weathered into such 
forms as are seen in the calcareous cliffs of the adjoining coast, 
especially at Biaritz, near Bayonne. It is evident that, %vhen this 
country stood at a somewhat lower level, the sea advanced along the 
surface of the argillaceous stratum c, which, from its yielding nature, 
favoured the waste by allowing the more solid superincumbent stone 
h to be readily undermined. Afterwards, when the country had 
been elevated, part of the sand, a, fell down, or was drifted by the 
winds, so as to form the talys, cf e, which masked the inland cliff until 
it was artificially laid open to view. 

When we are considering the various causes which, in the course 
of ages, may efface the characters of an ancient sea-coast, earth- 
quakes must not be forgotten. During violent shocks, steep and 
overhanging cliffs are often thrown down and become a heap of 
ruins. Sometimes unequal movements of upheaval or depression 
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entirely destroy that horixontaltty of the base-line which constitutet 
the chief peculiwrity of an ancient sea-cliff. 

It is, however, in countries where hard limestone rocks abound, 
that inland cliffs retain faithfully the characters which they aoquirc^d 
when they constituted the boundary of land and sea. Thus, in the 
Morea, no less than three, or even four, ranjp^es of what were once 
sea-cliffs are well preserved. I'hese have been described, by MM. 
Boblaye and Virlet, as rising one above the other at different dis- 
tances from the actual shore, the summit of the highest and oldest 
occasionally exceeding 10()0 feet in elevation. At the base of each 
there is usually a terrace, which is in some places a few yards, in 
others above 300 yards wide, so that we are conducted from the high 
land of the interior to the sea by a succession of great steps. These 
inland cliffs are most perfect, and most exactly resemble those now 
washed by the waves of the Mediterranean, where they are formed 
of calcareous rock, especially if the rock be a hard crystalline marble. 
The following are the points of correspondence observed betiveen the 
a^'cient coast lines and the borders of the present sea: — 1. A range 
j{ vertical precipices, with a terrace at their base, 2. A weathered 
state of the surface of the naked rock, such as the spray of the sea 
produces. 3. A line of littoral caverns at the foot of the cliffs. 4. A 
consolidated beach or breccia with occasional marine shells, found at 
the base of the cliffs, or in the caves. 5. Lithodomous perforations. 

In regard to the first of these, it would be superfluous to dwell on 
the evidence afforded of the undermining power of waves and currents 
by perpendicular precipices. The littoral caves, also, will be familiar 
to those who have had opportunities of observing the manner in 
which the waves of the sea, when they beat against rocks, have 
power to scoop out caverns. As to the breccia, it is composed of 
pieces of limestone and rolled fragments of thick solid shell, such a» 
Strombus and Spondylus^ all bound together by a crystalline cal- 
careous cement. Similar aggregations are now forming on the 
modern beaches of Greece, and in caverns on the sea-side ; and they 
are only distinguishable in character from those of more ancient 
date, by including many pieces of pottery. In regard to the litho- 
domi above alluded to, these bivalve mollusks are well known to 
have the power of excavating holes in the hardest limestones, the 
size of the cavity keeping pace with the growth of the shell. When 
living they require to be always covered by salt water, Vjut similar 
pear-shaped hollows, containing the dead shells of these cieatures, 
are found at different heights on the face of the inland cliffs above 
mentioned. Thus, for example, they have been observed near Modon 
and Navarino on cliffs in the interior 12§ feet high above the Medi- 
terranean. As to the weathered surface of the calcareous rocks, all 
limestones are known to suffer chemical decomposition when moistened 
by the spray of the salt water, and are corroded still more deeply at 
points lower down where they are just reached by the breaker^ By 
this action the stone acquires a wrinkled and furrowed outline, and 
very near the sea it becomes rough and branching, as if covered with 
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coralA Such effects are traced not only on the present shore, but at 
the base of the ancient cliffs far in the interior. Lastly, it remains 
only to speak of tlie terraces, which extend with a gentle slope from 
the base of almost all the inland cliffs, and are for the most part 
narrow where the rock is hard, but sometimes half a mile or more in 
breadth where it is soft. They are the effects of the encroachment 
of the ancient sea upon the shore at those levels at which the land 
remained for a long time stationary. The justness of this view is 
apparent on examining the shape of the modern shore wherever the 
sea is advancing upon the land, and removing annually small 
portions of undermined rock. By this agency a submarine platform 
is produced on which we may walk for some distance from the beach 
in shallow water, the increase of depth being very gradual, until we 
reach a point where the bottom plunges down suddenly. This plat- 
Ibrni is widened with more or less rapidity according to the hardness 
of the rocks, and when upraised it constitutes an inland terrace. 

But the lour principal lines of cliff observed in the Morea do not 
imply, as some have imagined, four great eras of sudden upheaval ; 
they simply indicate tlie intermittence of the upheaving force. Had 
the rise of tlie land been continuous and uninterrupted, there would 
have been no one prominent line of cliff ; for every portion of the 
surface having been, in its turn, and for an equal period of time, a 
sea-shore, would have presented a nearly similar aspect. But if 
pauses occur in the process of upheaval, the waves and currents have 
time to sap, throw down, and clear away considerable masses of rock, 
and to shape out at several successive levels lofty ranges of cliffs 
with broad terraces at their base. 

There are some levelled spaces, however, both ancient and modern, 
ia the Morea, wdiich are not due to denudation, although resembling 
in outline the terraces above described. They may be called 'J eri aces 
of Deposition, since they have resulted from the gain of land upon 
tlic sea wliero rivers and torrents have produced deltas. If the sedi- 
mentary matter has filled up a bay or gulf surrounded by steep 
mountains, a flat plain is formed skirting the inland precipices ; and 
if these deposits are upraised, they form a feature in the landscape 
very sinnlar to the areas of denudation before described. 

1 have seen on the northern coast of Sicily, one of these terraces 
of deposition in the environs of Palermo, where, as in Greece, a line 
of limestone cliffs with caverns at their base bounds a seaward- 
sloping plain. Proceeding from the shore inland, we find the plat- 
form, c, fig. 93., a mile wide, conipoj*ed of marine calcareous strata, the 
majority of tlie embedded shells and corals being of living species. 
We next arrive at a precipitous cliff of hippurite limestone, a, in 
which the well-known cave of San Giro, ft, occurs,! 30 feet long, 50 
high, and 30 wide. Its entrance is now 180 feet above the sea; but 
the salt water must at one time have entered it, for the walls are 
drilled for a height of several yards by perforating molluscs, and the 
bottom of the cave is strewed over with a thin layer of sand, in which 
more than forty species of sea-shells, nearly all of species now living 
in the Mediterranean have been found. Since the sea retired a 
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considerable thickness of breccia has accumulated over the sand m 
as to conceal from view the lithodomous perforatiojis, except iu 


> 1 ^ 93 , 



places where these have been exposed to view by artificial excava- 
tions. The breccia is composed of pieces of limestone, quartz, and 
schist in a matrix of brown marl through which land shells are dis- 
persed together with l>one8 of two species, as ^^e learn from Dr. 
Falconer, of extinct hippopotamus, in such numbers that they must 
have belonged to several hundred individuals. With these are asso- 
ciated the remains of Elephas antiquus (as determined by the same 
osteologist), and the osseous remaimsof Bos, Cervus, Sus, Ursus, Canis, 
and a large Felis. Some of these bones have been rolled as if partially 
subjected to the action of water, ami the whole seem to have been in- 
troduced (perhaps by engulfed streams) botli in this and some neigh- 
bouring caverns through rents in the hippurite limestone, which must 
once have been connected with the surface of the country above, at 
a time when the physical geography of the region was extremely 
different from what it now is, and when rivers frequented by the 
hippopotamus existed where now no running water is to be found. 

Besides terraces of deposition such as c, fig. 93., above alluded to, 
there are also in Sicily others of denudation. One of these occurs on 
the east coast to the north of Syracuse, and the same is resumed t(* 
the south beyond the town of Noto, where it may be traced forming a 
continuous and lofty precipice, a i, fig. 94., facing towards the sea, 
and constituting the abrupt termination of a cslcareous formation, 
which extends in horizontal strata far inland. This precipice vari(‘> 
in height from 500 to 700 feet, and between its base and the sea is an 
inferior platform, c 5, consisting of similar white limestone. All the 
beds dip towards the sea, but are usually inclined at a very slight 
angle ; they are seen to extend uninterruptedly from tlie base of the 
escarpment into the platform, showing distftictly that tl»e lofty 
cliff was not produced by a fault or vertical shift of the beds, but 
by the removal of a considerable mass of rock. Hence we may 
conclude that the sea, which is now undennining the cliffs of the 
Sicilian coast, reached at some former period the base of the pre- 
cipice a 5, at which time the surface of the terrace c b must have 

• 0r. Christie, Edin. New. Phil. Joum. 
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been covered by the Mediterranean. There was a pause, therefore, 
in the upward movement, when the waves of the sea had time to 
carve out the platform c h; but there may have been many otlier 
stationary periods of minor duration. Suppose, for example, that a 
series of escarpments e,/, A, once existed, and that the sea, during 
a long interval free from subterranean movements, advances along 
the line c A, all preceding cliffs must have been swept away one after 
the other, and reduced to the single precipice a h. 

That such a series of smaller cliffs, as those represented ate,/, g, h, 
fig. 94., did really once exist at intermediate heights in place of the 
single precipice a A, is rendered highly probable by the fact, that in 
certain bays and inland valleys opening towards the east coast of 
Sicily, and not far from the section given in fig. 94., the solid lime- 
stone is shaped out into a great succession of ledges, separated from 
each other by small vertical cliffs. These are sometimes so nume- 





VAllejr called GosxodegU Martiri, below Mclilli, Val di Noto. 


rous, one above the other, that where there is a bend at the head of a 
valley, they produce an effect singularly resembling the seats of a 
Roman amphitheatre. A good example of this configuration occurs 
near the town of Melilli, as seen in the annexed view (fig. 95.). In 
the south of the island, near Spaccafomo Scicli, and Modica, preci- 
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pitous TixkB of white limestone, Ascending to the height of 500 feet, 
have been cArved out into similar forms. 

This appearance of a range of marble seats circling round the 
head of a valley, or of great flights of steps descending from the top 
to the bottom, on the opposite sides of a gorge, may bo accounted for, 
as already hinted, by supposing the sea to have stood successively at 
many different levels, as at a a, 6 5, c c, in the accompanying fig. 96. 
But the causes of the gradual contraction of the valley from above 


Fig. 96. 



downwards may still be matter of speculation. Such contraction 
may be due to the greater force exerted by the waves when the land 
at its first emergence was smaller in quantity, and more exposed to 
denudation in an open sea ; whereas the wear and tear of the rocks 
might diminish in proportion os this action l>eeame confined within 
hays or channels closed in on two or three sides. Or, secondly, the 
separate movements of elevation may have followed each other more 
rapidly as the land continued to rise, so that the tiines^of those pauses, 
during which the greatest denudation was Rccompli.shed at certain 
levels, were always growing shorter. It should be remarked, tliat 
the cliffs and small terraces are rarely found on the opposite sides of 
the Sicilian valleys at heights so precisely answering to each other as 
those given in fig. 96., and this might have been expected, to which- 
ever of the two hypotheses above explained we incline ; for, accord- 
ing to the direction of the prevailing winds and currents, the waves 
may beat with unequal force on different parts of the shore, so tliat 
while no impression is made on one side of a bay, the sea may en- 
croach so far on the other as to unite several smaller cliffs into one. 

Before quitting the subject of ancient sea-cliffs, carved out of 
limestone, I shall mention the range of precipitous rocks, composed 
of a white marble of the Oolitic period, which I have seen near the 
northern gate of St, Mihiel in France. They are situated on the 
right bank of the Meuse, at a distance of 200 miles from the nearest 
sea, and they present on the precipice facing the river three or four 
horizontal grooves, ene above the other, precisely resembling those 
which are scooped out by the undermining waves. The summits of 
several of these masses are detached from the adjoining hill, in 
which case the grooves pass all round them, facing towards all points 
of the compass, as if they had once formed rocky islets near the 
shore.* 


I was directed by M. Deshayes to this spot, which I visited in Jane, 1835 


HOCKS WORK BY THE SEA. 


78 


[C^ Yt 


Captsin Bayfield, in his survey of the Gulf of St Lawrence, dis- 
covered in several places, especially in the Mingao islands, a coun- 
terpart of the inland cliffs of St Mihid, and traced a succession of 
shingle beaches, one above the other, which agreed in their level 
with some of the principal grooves scooped out of the limestone 
pillars. These beaches consisted of calcareous shingle, with shells of 
recent species, the farthest from the shore being ^ feet above the 
level of the highest tides. In addition to the drawings of the pillars 
called the flo\' er-pots, which he has published*, I have been favoured 
with other views of rocks on the same coast, drawn by Lieut. A- 
llowen, Ii.N. (See fig. 97.) 

Plf.97. 



Limefitont' columns in N'lwpljicn Itliind. In the Gulf r>f St. I^iwreiice. Height 
ol th<r lecuud cotuinn on the left, 60 feet. 


In tlie North-American beaches above mentioned rounded frag- 
ments of limestone have been found perforated by lithodomi ; and 
Jioles drilled by the same mollusks have been detected in the 
<‘olumnar rocks or “flower-pots,” showing that there has been no 
great amount of atmospheric decomposition on the surface, or tlje 
cavities alluded to would have disappeared. 

We have an opportunity of seeing in the Bermuda islands the 



Th<* North Rocks, Bermtuia, lying outihte the great coral reef. 

A. IS feet high, and U. 12 feet. c. c. Hollow* worn by the sea. 


manner in which the waves of the Atlantic have worn, and arc now 
wearing out, deep smooth hollows on every .‘^ide of projecting masses 
of liard limestone. In the annexed drawing, communicated to me 

• Sec Trans, of Geol. Soc., second series, vol. v. plate v. 
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by Capt Nelmi, the excavadozis hare been 9cooj>ed out 

by the waves in a etono of very modern date, which, although ex- 
tremely hard, is full of recent corals and shells, some of which retain 
their colour* 

When the forms of these horizontal grooves, of which the surface 
is sometimes smooth and almost polished, and the roofs of winch 
often overhang to the extent of 6 feet or more, have been care- 
fully studied by geologists, they will serve to testify the former 
action of the waves at innumerable points far in the interior of the 
continents. But we must learn to distinguish the indentations duo 
to the original action of the sea, and those caused by subsequent 
cliemical decomposition of calcareous rocks, to which they are liable 
in the atmo^iphere. 

I shall conclude with a warning to beginners not to feel surprise 
if they can detect no evidence of the former sojourn of tlie sea on 
lands which we are nevertheless sure have been submerged at p(*riods 
comparatively modern ; for notwithstanding the enduring nature of 
the marks left by littoral action on calcareous rocks, we can by no 
means detect sea-beaches and inland cliffs everywhere, even in Sicily 
and the Morea. On the contrary, they are, upon the whole, ex- 
tremely partial, and are often entirely wanting in districts composed 
of argillaceous and sandy formations, which must, nevertheless, have 
been upheaved at the same time, and by the same intermittent move- 
ments, as the adjoining calcareous rocks. 


CHAPTER VII. 

ALLUVIUM. 

Alluvium described — Due to complicated causes — Of various ages, as shown in 
Auvergne — How distinguished from rocks in ailu — Sand pijHfS in eliaJk — Al- 
luvial terraces caused by oscillations in the level of land. 

Between the superficial covering of vegetable mould and the sub- 
jacent rock there usually intervenes in every district a deposit of 
loose gravel, sand, and mud, to which the name of alluvium has 
been applied. The term is derived from alluvio, an inundation, oi* 
alluOy to wash, because the pebbles and sand commonly resernbh? 
those of a river’s bed or the mud and gravel washed over low lands 
by a flood. 

A partial covering of such alluvium is found*alike in all climates, 
from the equatorial to the polar regions; but in the higlnn* latitudes 
of Europe and North America it assumes a distinct character, ladng 
very frequently devoid of stratification, and containing huge frag- 
ments of rock, some angular and others rounded, which have heen 
transported to great distances from their parent mountains. When 
it presents itself in this form, it has been called “ diluvium,” “ drift,’* 
or the ** boulder formation;” and its probable connexion with the 
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agency of floating ice and glaciers will be treated of more particularly 
in the eleventh and twelfth chapters* 

The student will be prepared, by what I have said in the last 
chapter on denudation, to hear that loose gravel and sand are often 
met with, not only on the low grounds bordering rivers, but also at 
various points on the sides or even summits of mountains. For, in 
the course of those changes in physical geography which may take 
place during the gradual emergence of the bottom of the sea and its 
conversion into dry land, any spot may either have Ijeen a sunken 
reef, or a bay, or €stuar}% or sea-shore, or the bed of a river. The 
drainage, moreover, may have been deranged again and again by 
earthquakes, during which temporary lakes are caused by landslips, 
and partial deluges occasioned by the bursting of the barriers of such 
lakes. For this reason it would be unreasonable to hope that we 
should over be able to account for all the alluvial phenomena of each 
particular country, seeing that the causes of their origin are so various. 
Ilesides, the last operations of water have a tendency to disturb and 
confound together all pre-existing alluviums. Hence we are always 
in danger of regarding as the work of a single era, and the effect of 
one cause, what has in reality been the result of a variety of distinct 
agents, during a long succession of geological epochs. Much useful 
instruction may therefore be gained from the exploration of a country 
like Auvergne, where the superficial gravel of very different eras 
happens to have been preserved by sheets of lava, which were 
poured out one after the other at periods when the denudation, and 
probably the upheaval, of rocks were in progress. That region had 
already acquired in some degree its present configuration before any 
volcanoes w(‘re in activity, and before any igneous matter was super- 
imposed upon the granitic and fossiliferous formations. The pebbh‘s 
tlierefore in the older gravels are exclusively constituted of granite 
and other aboriginal rocks ; and afterwards, when volcanic vents 
burst forth into eruption, those earlier alluviums were covered by 

l‘ig. 99. 



Latm of Auvergne retting on alluvluint of diflferent ages. 


streams of lava, which protected them from intermixture with gravel 
of subsequent date. In the course of ages, a new system of valleys 
was excavated, so that the rivers ran at lower levels than those at 
which the first alluviums and sheets of lava were formed. When, 
therefore, fresh eruptions gave rise to new lava, the melted matter 
was poured out over lower grounds ; and the gravel of these plains 



jiwmvm 




81 


dtSSared from Ibe flrslor apluod idloTiam, by eonttimng in it minded 
fragments of ^nriotis volcaiiio roeks» and often bones belonging to 
distinct groups of land animals whieb Nourished in tbe eonntr; in 
suooesaion. 

The annexed drawing will explain tbe difierent heights at which 
beds of lava and gravelt each distinct from the other in composition 
and age, are observed, some on tbe fiat tops of hills, 700 or 800 feet 
high, others on the slope of the same hills, and the newest of all in 
the channel of the existing river where there is usually gravel alone, 
but in some cases a narrow stripe of solid lava sharing the bottom of 
the vaUej with the river. In all these accumulations of transported 
matter ofv different ages the bones of extinct mammalia have been 
found belonging to assemblages of land quadrupeds, which Nourished 
in the country in succession, and which vary specifically, the one set 
from the other, in a greater or less degree, in proportion as the time 
which separated their entombment has been more or less protracted. 
The streams in the same district are still undermining their banks and 
grinding down into pebbles or sand, columns of basalt and frag- 
ments of granite and gneiss ; but portions of the older alluviums, with 
the fossil remains belonging to them, are prevented from being mingled 
with the gravel of recent date by the cappings of lava before mentioned. 
But for the accidental interference, therefore, of this peculiar cause, 
all the alluviums might have passed so insensibly the one into the 
other, that those formed at the remotest era might have appeared 
of the same date as the newest, and the whole formation might have 
been regarded by some geologists as the result of one sudden and 
violent catastrophe. 

In almost every country, the alluvium consists in its upper part of 
transported materials, but it often passes downwards into a mass of 
broken and angular fragments derived from the subjacent rock. To 
this mass the provincial name of “ rubble,” or “ brash,” is given in 
many parts of England. It may be referred to the weathering or 
disintegration of stone on the spot, the effects of air and water, sun 
and frost, and chemical decomposition. 

The inferior surface of alluvial deposits is often very irregular, 
conforming to all the inequalities of the fundamental rocks (fig. 100.). 

Fig. 100 . Occasionally, a small mass, as at c, 

appears detached, and as if included in 
the subjacent formation. Such isolated 
portions are usually sections of winding 
subterranean hollows filled up with allu- 
vium. They may have been the courses 
of springs or subterranean streamlets, 
which have flowed through and enlarged 
natural rents ; or, when on a small scale 
and in soft strata, tliey may be spaces 
a. V0g«t«bte#(>n. b. AiioTiiim. which the roots of large trees have once 
of Mine, appanwUf detached, occupied, gravel and saud having b«3en 

introduced after their decay. 
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But there ore other deep hojlowe of a e)rlindncel form found in 
Euglnndf France, and elsewhere, penetrating the white chalk, and 
filled with sand and gravel, which are not bo readily explained 
They are sometimes called ^ sand-pipes,” or “ sand-galls,” and ^ pnlta 
naturels,” in France. Those represented in the annexed cut were 


Fig. 101. 



oI)8erved by me in 1839, laid open in a large chalk -pit near Norwich. 
They were of very symmetrical form, the largest more than 12 feet 
in diameter, and some of them had been traced, by boring, to the 
depth of more than 60 feet. The smaller ones varied from a few 
inches to afoot in diameter, and seldom descended more than 12 feet 
below the surface. Even where three of tliem occurred, as at 
fig. lOL, very close together, the parting walls of soft white chalk 
were not broken through. They all taper downwards and end in a 
point. As a general rule, sand and pebbles occupy the central parts 
of each pipe, while the sides and bottom are lined with clay. 

Mr. Trimmer, in speaking of appearances of the same kind in the 
Kentish chalk, attributes the origin of such “sand-galls” to the 
action of the sea on a beach or shoal, where the waves, charged 
with shingle and sand, not only wear out longitudinal furrows, such 
as may be observed on the surface of the above-mentioned chalk near 
Norwich when the incumbent gravel is removed, but also drill deep 
circular hollows by the rotatory motion imparted to sand and pebbles. 
Such furrows, as well os vertical cavities, are now formed, he observes, 
on the coast where the shores are composed of chalk.^ 

That the commencement of many of the tubular cavities now under 
consideration has been due to the cause here assigned, I have little 
doubt. But such mechanical action could not have hollowed out the 
whole of the sand-pipes c and d, fig. 101., because several large chalk 
Hints seen protruding from the walls of the pipes have not been 
eroded, while sand and gravel have penetrated many feet below them. 
In other cases, as at similar unrounded nodules of flint, still 
preserving their irregular form and white coating, are found at 

♦ IViinmer, Proceedings of Geol, Soc. vol. iv. p. 7. 1842. 
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TarioMS depths in the midst of the Joose mAterials filling the pipe. 
These have evidently been detached from regular layers of fiints oc- 
curring above. It is also to be remarked that the course of the same 
sand-pipoi b by is traceable above the level of the chalk for some 
distance upwards, through the incumbent gravel and sand, by the 
obliteration of all signs of stratification. Occasionally, also, as in 
the pipe d, the overlying beds of gravel bend downwards into the 
mouth iji the pipe, so as to become in part vertical, as would happen 
if horizontal layers bad sunk gradually in consequence of a failure of 
support. All these phenomena may be accounted for by attributing 
the enlargement and doejiening of the sand-pipes to the chemical 
action of water charged with carbonic acid, derived from the vegetable 
soil and the decaying roots of trees. Such acid might corrode the 
chalk, and deepen indefinitely any previously existing hollow, but 
could not dissolve the fiints. The water, after it had become saturated 
with carbonate of lime, might freely percolate the surrounding porous 
walls of chalk, and escape through them and from the bottom of the 
tube, so as to carry away in the course of time large masses of 
dissolved calcareous rock*, and leave behind it on the edges of each 
tubular hollow a coating of fine clay, which the white chalk contains. 

I have seen tubes precisely similar and from 1 to 5 feet in diameter 
traversing vertically the upper half of the soft calcareous building 
.stone, or chalk without flints, constituting St. Peter\s Mount, Maes- 
tricht. These hollows are filled with jxibbles and clay, derived from 
overlying beds of gravel, and all terminate downwards like those 
of Norfolk. I was informed that, 6 miles from Maestricht, one of 
these pipes, 2 feet in diameter, was traced downwards to a bed of 
flattened flints, forming an almost continuous layer in the chalk. 
Here it terminated abruptly, but a few small root-likc prolongations 
of it were detected immediately below, probably where the dissolving 
substance had penetrated at some points tlirough openings in the 
siliceous mass. 

It is not so easy as may at first appear to draw a clear line of 
distinction between the fixed rocks, or regular strata (rocks in sitn 
or in place\ and alluvium. If the bed of a torrent or river be dried 
up, we call the gravel, sand, and mud, left in their channels, or 
whatever, during floods, they may have scattered over the neighbour- 
ing plains, alluvium. The very same materials carried into a lake, 
where they become sorted by water and arranged in more distinct 
layers, especially if.they inclose the remains of plants, shells, or other 
fossils, are termed regular strata. 

In like manner we may sometimes compare the gravel, sand, and 
broken shells, strewed along the path of a rapid marine current, with 
a deposit formed contemporaneously by the discharge of similar ma- 
terials year after year, into a deeper and more tranquil part of the 
sea. In such cases, when we detect marine shells or other organic 
remains entombed in the strata which enable us to determine their 


* See Lyell on Sand-pipes, &Cm Phil Mag., third series, vol xv. p. 257., Oct. 1589. 

o S 



ALLtTTIUlC 


84 


[Cm. Vlt 


age and mode of origin, we regi^ them as part of the regular aeries 
of foesiUferous formations, whereas, if there are no fossils, we have 
frequently no power of separating them from the general mass of 
superficial aUuviuHL 

The usual rarity of organic remains in beds of loose gravel is partly 
owing to the friction which originally ground down rocks into pebbles, 
or sand, and organic bodies into small fragments, and it is partly owing 
to the porous nature of alluvium when it has emerged, which allows 
the free percolation through it of rain-water, and promotes the de- 
composition and solution of fossil remains. 

It has long been a matter of common observation that most rivers 
arc now cutting their channels through alluvial deposits of greater 
depth and extent than could ever have been formed by the present 
streams. From this fact a rash inference has sometimes been drawn, 
that rivers in general have grown smaller, or become less liable to be 
flooded than formerly. But such phenomena would be a natural result 
of considerable oscillations in the level of the land experienced since 
the existing valleys originated. 

Suppose part of a continent, comprising within it a largo hydro- 
graphical basin like that of the Mississippi, to subside several inches 
or feet in a century, as the west coast of Greenland, extending 600 
miles north and south, has been sinking for three or four centuries, 
between the latitudes 60® and 69® N. * It will rarely happen that 
the rate of subsidence will bo everywhere equal, and in many cases 
the amount of depression in the interior will regularly exceed that of 
the region nearer the sea. Whenever this happens, the fall of the 
waters flowing from the upland country will be diminished, and each 
tributary stream will have less power to carry its sand and sediment 
into the main river, and the main river less power to convey its 
annual burden of transported matter to the sea. All the rivers, there- 
fore, will proceed to fill up partially their ancient channels, and, 
during frequent inundations, will raise their alluvial plains by new 
deposits. If then the same area of land be again iipheaved to its 
former height, the fall, and consequently the velocity, of every river 
will begin to augment. Each of them will be less given to overflow 
its alluvial plain ; and their power of carrying earthy matter sea- 
ward, and of scouring out and deepening their channels, will be 
sustained till, after a lapse of many thousand years, each of them 
has eroded a new channel or valley through a fluviatile formation 
of comparatively modern date. The surface of what was once the 
river-plain at the period of greatest depression, will then remain fring- 
ing the valley-sides in the form of a terrace apparently fl^t, but in 
reality sloping down with the general inclination of the river. Every- 
where this terrace will present clifls of gravel and sand, facing the 
river. That such a aeries of movements has actually taken place in the, 
main valley of the Mississippi and in its tributary valleys during oscil- 
lations of level, I have endeavoured to show in my description of that 


Principles of Geology, 7th ed. p. 506., 8th ed. p. 509. 
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country* ; and the freshwater shells^f existing species and l>ones of 
laud quadrupeds, partly of extinct races, preserv^ in the terraces of 
fluviatile origin, attest the exclusion of the sea during the whole 
j)roces8 of tilling up and partial re-excavation. 

Such terraces are the converse of those mentioned at p. 80., fig. 99., 
where the uppermost of the series is formed of alluvium of oldest 
date, which originated long befoi'e the valley had attained its actual 
width and depth. 


* Second Visit to the U. S. voL ii. chap. 34. 
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CHAPTER 

CHBOKOLOOICAL CLA88IF1CATIOK OF BOOKS. 

Ai^oeons, plutonic, TolcAnic, and metamorphic rocks, considered chronologically — 
Leliman’s division into primitive and secondary — Wenier's addition of a tran* 
sition class — Neptunian theory — Hutton on igneous origin of granite — Ho\r 
the name of primary was still retained for granite — The term “ transition,” why 
faulty — The adherence to the old chronological nomenclature retarded the 
progress of geology — New hyiwthcsis invented to reconcile the igneous origin 
of granite to the notion of its high antiquity — Explanation of the chronological 
nomenclature adopted in this work, so far as regards primary, secondary, and 
tertiary periods. 

Js the first chapter it was stated that the four great classes of rocks, 
the aqueous, the volcanic, the plutonic, and the metanior[)hic, would 
each be considcrc^d not only in reference to their mineral character^, 
and mode of origin, but also to their relative age. In regard to the 
aqueous rocks, we have already seen that they are stratified, that 
some are calcareous, others argillaceous or siliceous, some made up 
of sand, others of pebbles ; that some contain freshwater, others 
marine fossils, and so forth ; but the student has still to learn which 
rocks, exhibiting some or all of these characters, have originated at 
one period of the earth’s history, and which at another. 

To determine this point in reference to the fossiliferous formations 
is more easy than in any other class, and it is therefore the most con- 
venient and natural method to begin by establishing a chronology for 
these strata, and then to refer as far as possible to the same divisions, 
the several groups of plutonic, volcanic, and metamorphic rocks. 
Such a system of classification is not only recommended by its greater 
clearness and facility of application, but is also best fitted to strike 
the imagination by bringing into one view the contemporaneous revo- 
lutions of the inorganic and organic creations of former times. For 
the sedimentary formations are most readily distinguished by the 
different species of fossil animals and plants which tl^y inclose^ 
and of which one assemblage after another has flourished and then 
disappeared from the earth in succession. 

But before entering specially on the subdivisions of the aqueous 
rocks arranged according to the order of time, it will be desirable to 
say a few words on the chronology of rocks in general, although in 
doing so we shall be unavoidably led to allude to some classes of 
phenomena which the beginner must not yet expect fully to com- 
prehend. 

It was for many years a received opinion that the formation of 
entire families of rocks, such as the plutonic and those crystalline 
schists spoken of in the first chapter as metamorphic, began and 
ended before any members of the aqueous and volcanic orders were 
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produced; and although this idea haa long been modified^ and is 
nearly exploded, it will be necessary to give some account of the 
ancient doctrine, in order that beginners may understand whence 
many prevailing opinions, and some part of the nomenclature of 
geology, still partially in use, was derived. 

About the middle of the last century, Lehman, a German miner, 
proposed to divide rocks into three classes, the first and oldest to be 
called primitive, comprising the hypogone, or plutonic and metamor* 
phic rocks; the next to be termed secondary, comprehending the 
aqueous or fossiliferous strata; and the remainder, or third class, 
corresponding to our alluvium, ancient and modern, which he referred 
to “ local floods, and the deluge of Noah.” In the primitive class, he 
said, such as granite and gneiss, there are no organic remains, nor 
any signs of materials derived from the ruins of pre-existing rocks. 
Their origin, therefore, may have been purely chemical, antecedent 
to the creation of living beings, and probably coeval with the birth of 
the world itself. The secondary formations, on the contrary, whicli 
often contain sand, pebbles, and organic remains, must have been 
mechanical deposits, produced after the planet had become the habi- 
tation of animals and plants. This bold generalization, although an- 
ticipated in some measure by Steno, a century before, in Italy, 
formed at the time an important step in the progress of geology, and 
sketched out correctly some of the leading divisions into which rocks 
may be separated. About half a century later, Werner, so justly 
celebrated for his improved methods of discriminating the mineralo- 
gical characters of rocks, attempted to improve Lehman's classification, 
and with this view intercalated a class, called by him “ the transition 
formations,” between the primitive and secondary. Between these 
last he had discovered, in northern Germany, a series of strata, 
which in their mineral peculiarities were of an intermediate character, 
partaking in some degree of the crystalline nature of micaceous schist 
and clay-slate, and yet exhibiting here and there signs of a mechani- 
cal origin and organic remains. For this group, therefore, forming a 
passage between Lehman’s primitive and secondary rocks, the name 
of iibergang or transition was proposed. They consisted principally 
of clay-slate and an argillaceous sandstone, called grauwacke, and 
partly of calcareous beds. It happened in the district which Werner 
first investigated, that both the primitive and transition strata were 
highly inclined, while the beds of the newer fossiliferous rocks, the 
secondary of Lehman, were horizontal. To these latter, therefore, 
he gave the name of Jldtz^ or ‘‘ a level floor;” ai^d every deposit more 
modem than the chalk, which was classed as the uppermost of the 
flotz series, was designated “the overflowed land,” an expression which 
may be regarded as equivalent to alluvium, although under this appel- 
lation were confounded all the strata afterwards called tertiary, of 
which Werner had scarcely any knowledge. As the followers of 
Werner soon discovered that the inclined position of the “ transition 
beds,” and the horizontality of the flotz, or newer fossiliferous strata, 
were mere local accidents, they soon abandoned the term flotz ; and 
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the foar divislonB of the Wemeriaa school were then nnmed primStivei 
transition, secondarj, and alluviaL 

As to the trappean rocks, although their igneous origin had been 
already demonstrated by Arduino, Fortis, Faujas, and others, and 
especially by Desmarest, they were all regarded by Werner as aqueous, 
and as mere subordinate members of the secondary series.* 

This theory of Werner’s was called the “ Neptunian,” and for many 
years enjoyed much popularity. It assumed that the globe had been 
at first invested by an universal chaotic ocean, holding the materials 
of all rocks in solution. From the waters of this ocean, granite, 
gneiss, and other crystalline formations, were first precipitated ; and 
afterwards, when the waters were purged of these ingredients, and 
more nearly resembled those of our actual seas, the transition strata 
were deposited. These were of a mixed character, not purely che- 
mical, because the waves and currents had already begun to wear 
down solid land, and to give rise to pebbles, sand, and mud ; nor en- 
tirely without fossils, because a few of the first marine animals had 
begun to exist. After this period, the secondary formations were 
accumulated in waters resembling those of the present ocean, except 
at certain intervals, when, from causes wholly unexplained, a partial 
recurrence of the “ chaotic fluid ” took place, during which various 
trap rocks, some highly crystalline, were formed. This arbitrary 
hypothesis rejected all intervention of igneous agency, volcanos being 
regarded as modern, partial, and sufjcrficial accidents, of trifling 
account among the great causes which have modified the external 
structure of the globe. 

Meanwhile Hutton, a contemporary of Werner, began to teach, in 
Scotland, that granite as well as trap was of igneous origin, and had 
at various periods intruded itself in a fluid state into different parts of 
the earth’s crust. He recognized and faithfully described many of the 
phenomena of granitic veins, and the alterations produced by them 
on the invaded strata, which will be treated of in the thirty-third 
chapter. He, moreover, advanced the opinion, that the crystalline 
strata called primitive had not been precipitated from a primseval 
ocean, but were sedimentary strata altered by heat. In his writings, 
therefore, and in those of his illustrator, Playfair, we find the germ 
of that metamorphic theory which has been already hinted at in the 
first chapter, and which will be more fully expounded in the thirty- 
fourth and thirty-fifth chapters. 

At length, af^ter much controversy, the doctrine of the igneous 
origin of trap and granite made its way into general favour; but 
although it was, in consequence, admitted that both granite and trap 
bad been produced at many successive periods, the term primitive or 
primary still continued to be applied to the crystalline formations 
in genend, whether stratified, like gneiss, or unstratified, like granite. 
The pupil was told that granite was a primary rock, but that some 
granites were newer ihm certain secondly formations ; and in con- 

♦ See Btindplet oi Geology, vol i. chap, iv. 
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formi^ with the apiiit of the ancient langamge» to which the teacher 
was still determini^ to adhere, a desire was naturally engendered of 
extenuating th6 importance of those mor# modern granites, the true 
dates of which new observations were continually bringing to light 

A no less decided inclination was shown to persist in the use of 
the term transition,** after it had been proved to be almost as 
faulty in its original application as that of dotz. The name of 
transition, as already stated, was first given by Werner, to designate 
a mineral character, intermediate between the highly crystalline or 
metamorphic state and that of an ordinary fossiliferous rock. But 
the term acquired also from the first a chronological import, because 
it had been appropriated to sedimentary formations, wliich, in the 
Hartz and other parts of Germany, were more ancient than the 
oldest of the secondary series, and were characterized by peculiar 
fossil zoophytes and shells. When, therefore, geologists found in 
other districts stratified rocks occupying the same position, and 
inclosing similar fossils, they gave to them also the name of tran* 
sition, according to rules which will be explained in the next 
chapter ; yet, in many cases, such rocks were found not to exhibit 
the same mineral texture which Werner had called transition. On 
the contrary, maqy of them were not more crystalline than different 
members of the secondary class; while, on the other hand, these 
last were sometimes found to assume a semi-crystalline and almost 
metamorphic aspect, and thus, on lithological grounds, to deserve 
equally the name of transition. So remarkably was this the case in 
the Swiss Alps, that certain rocks, which had for years been regarded 
by some of the most skilful disciples of Werner to be transition, were 
at last acknowledged, when their relative position and fossils were 
better understood, to belong to the newest of the secondary groups ; 
nay, some of them have actually been discovered to be members of 
the lower tertiary series ! If, under such circumstances, the name of 
transition was retained, it is clear that it ought to have been applied 
without reference to the age of strata, and simply as expressive of a 
mineral peculiarity. The continued appropriation of the term to 
formations of a given date, induced geologists to go on believing that 
the ancient strata so designated bore a less resemblance to the 
secondary than is really the case, and to imagine that these last never 
pass, as they frequently do, into metamorphic rocks. 

The poet Waller, when lamenting over the antiquated style of 
Chaucer, complains that — 

We write in sand, ottr language grows, 

And, like the tide, our work o’erflows. 

But the reverse is true in geology ; for here it is our work which 
continually ou^ows the language. The tide of observation advances 
with such speed that improvements in theory outrun the changes of 
nomenclature ; and the attempt to inculcate new truths by words 
invented to express a different or opposite opinion, tends constantly, 
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bjr tiie force of assodation, to perpetuate error; so that dogmas 
renounced by the reason still retain a strong hold upon the imagi* 
nation. i 

In order to reconcile the old chronological views with the new 
doctrine of the igneous origin of granite, the following hypothesis 
was substituted for that of the Neptunists. Instead of beginning 
with an aqueous menstruum or chaotic fluid, the materials of the 
present crust of the earth were supposed to have been at first in a 
state of igneous fusion, until part of the heat having been difiused 
into surrounding space, the surface of the fluid consolidated, and 
formed a crust of granite. This covering of crystalline stone, which 
afterwards grew thicker and thicker as it cooled, was so hot, at first, 
that no water could exist upon it; but as the refrigeration pro- 
ceeded, the aqueous vapour in the atmosphere was condensed, and, 
falling in rain, gave rise to the first thermal ocean. So high was the 
temperature of this boiling sea, that no aquatic beings could inhabit 
its waters, and its deposits were not only devoid of fossils, but, like 
those of some hot springs, were highly crystalline. Hence the 
origin of the primary or crystalline strata, — gneiss, mica-schist, and 
the rest. 

Afterwards, when the granitic crust had been pi^ially broken up, 
land and mountains began to rise above the waters, and rains and 
torrents to grind down rock, so that sediment was spread over the 
bottom of the seas. Yet the heat still remaining in the solid 
supporting substances was sufficient to increase the chemical action 
exerted by the water, although not so intense as to prevent the intro- 
duction and increase of some living beings. During this state of 
things some of the residuary mineral ingi^dients of the primasval 
ocean were precipitated, and formed deposits (the transition strata 
of Werner), half chemical and half mechanical, and containing a few 
fossils. 

By this new theory, which was in part a revival of the doctrine of 
Leibnitz, published in 1680, on the igneous origin of the planet, the 
old ideas respecting the priority of all crystalline rocks to the creation 
of organic beings, were still preserved ; and the mistaken notion that 
all the semi-crystalline and partially fossiliferous rocks belonged to 
one period, while all the earthy and uncrystalline formations origin- 
ated at a subsequent epoch, was also perpetuated. 

It may or may not be true, as the great Leibnitz imagined, that 
the whole planet was once in a state of liquefaction by heat ; but 
there are certainly no geological proofs that the granite which con- 
stitutes the foundation of so much of the earth’s crust was ever at once 
in a state of universe fusion. On the contrary, all our evidence 
tends to show that the formation of granite, like the deposition of 
the stratified rocks, has been successive, and that different portions of 
granite have been in a melted state at distinct and often distant 
periods. One mass was solid, and had been fractured, before another 
body of granitic matter was injected into it, or through it, in the form 
of veins. Some granites are more ancient than any known fossiliferous 
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rocks ; others are of secondary i and some, such as that of Mont 
Blanc and part of the central axis of the Alps, of tertiary origin, lu 
short, the universal fluidity of the crystalline foundations of the 
earth's crust, can only be understood in the same sense as the uni- 
versality of the ancient ocean. All the land has been under water, 
but not ail at one time ; so all the subterranean unstratifled rocks to 
which man can obtain access have been melted, but not simulta- 
neously. 

In the present work the foor great classes of rocks, the aqueous, 
plutonic, volcanic, and metamorphic, will form four parallel, or 
nearly parallel, columns in one chronological table. They will bo 
considered as four sets of monuments relating to four contempo- 
raneous, or nearly contemporaneous, series of events. I shall en- 
deavour, in a subsequent chapter on the plutonic rocks, to explain 
the manner in which certain masses belonging to each of the four 
classes of rocks may have originated simultaneously at every geolo- 
gical period, and how the earth's crust may have been continually 
remodelled, above and below, by aqueous and igneous causes, from 
times indefinitely remote. In the same manner as aqueous and 
fossiliferous strata are now formed in certain seas or lakes, while in 
other places volcanic rocks break out at the surface, and are con- 
nected with reservoirs of melted matter at vast depths in the l)oweis 
of the earth, — so, at every era of the past, fossiliferous deposits and 
superficial igneous rocks were in progress contemporaneously with 
others of subterranean and plutonic origin, and some sedimentary 
strata were exposed to heat, and made to assume a crystalline or 
metamorphic structure. 

It can by no means be taken for granted, that during all these 
changes the solid crust of the earth has been increasing in thickness. 
It has been shown, that so far as aqueous action is concerned, the 
gain by fresh deposits, and the loss by denudation, must at each 
period have been equal (see above, p. 68.); and in like manner, iu 
the inferior portion of the earth’s crust, the acquisition of new crys- 
talline rocks, at each successive era, may merely have counter- 
balanced the loss sustained by the melting of materials previously 
consolidated. As to the relative antiquity of the crystalline found- 
ations of the earth’s crust, when compared to the fossiliferous and 
volcanic rocks which they support, I have already stated, in the first 
chapter, that to pronounce an opinion on this matter is as diflficult as 
at once to decide which of the two, whether the foundations or super- 
structure of an ancient city built on wooden piles, may be the oldest. 
We have seen that, to answer this question, we m5st first be prepared 
to say whether the work of decay and restoration had gone on most 
rapidly above or below ; wherther the average duration of the piles has 
excee^d that of the stone buildings, or the contrary. So also in 
regard to the relative age of the superior and inferior portions of the 
earth's crust; we cannot hazard even a conjecture on this point, 
until we know whether, upon an average, the power of water above, 
or that of heat below, is moat efficacious in giving new forms to solid 
matter. 
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After the observations which have now been made, the reader will 
perceive that the term primary must either be entirely renounced, or, 
if retained, must be differently defined, and not made to designate a 
set of crystalline rocks, some of which are already ascertained to be 
newer than all the secondary formations. In this work I shall follow 
most nearly the method proposed by Mr. Bou4, who has called all 
fossiliferoui rocks older than the secondary by the name of primary. 
To prevent confusion, I shall sometimes speak of these last as the 
primary fossiliferoui formaticms; because the word primary has 
hitherto Ix^en most generally connected with the idea of a non- 
fossiliferous rock. Some geologists, to avoid misapprehension, have 
introduced the term Paleozoic for primary, from iraXoior, “ ancient,” 
and ^wor, “ an organic being,” still retaining the terms secondary and 
tertiary; Mr. Phillips, for tlie sake of uniformity, has proposed 
Mesozoic, for secondary, from /nf <roc, “ middle,” &c. ; and Cainozoic, for 
tertiary, from KaivoQ^ “ recent,” &c. ; but the terras primary, secondary, 
and tertiary are synonymous, and have the claim of priority in 
their favour. 

If we can prove any plutonic, volcanic, or metamorphic rocks to be 
older than the secondary formations, such rocks will also be primary, 
according to this system. Mr. Bou6 having with propriety ex- 
cluded the metamorphic rocks, as a elassy from the primary form- 
ations, proposed to call them all “ crystalline schists.” 

As there are secondary fossiliferous strata, so we shall find that 
there are plutonic, volcanic, and metamorphic rocks of contempora- 
neous origin, which I shall also term secondary. 

In the nc'xt chapter it will be shown that the strata above the 
chalk have I een called tertiary. If^ therefore, we discover any vol- 
canic, plutonic, or metamorphic rocks, which have originated since 
the deposition of the chalk, these also will rank as tertiary form- 
ations. 

It may perhaps be suggested that some metamorphic strata, and 
some granites, may be anterior in date to the oldest of the primary 
fossiliferous rocks. This opinion is doubtless true, and will be dis- 
cussed in future chapters; but I may here observe, that when we 
arrange the four classes of rocks’ in four parallel columns in one table 
of chronology, it is by no means assumed that these columns are all 
of equal length ; one may begin at an earlier period than the rest, and 
another may come down to a later point of time. In the small part 
of the globe hitherto examined, it is hardly to be expected that we 
should have discovered either the oldest or the newest members of 
each of the four classes of rocks. Thus, if there be primary, second- 
ary, and tertiary rocks of the aqueous or fossiliferous class, and in 
like manner primary, secondary, and tertiary hypogene formations, 
we may not be yet acquainted with the most ancient of the primary 
fossiliferous beds, or with the newest of the hypogene. 
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CHAPTER IX 

ON THB DIFFERENT AGES OF THE AQUEOUS ROCKS. 

On the three principal testa of relatiro age— ‘Superposition, mineral character, and 
fossils — Change of mineral character and fossils in the same continuous forma- 
tion — Proofii that distinct species of animals and plants have lived at successtvo 
periods — Distinct provinces of indigenous 8}>ccie8 — Great extent of single pro- 
vinces — Similar laws prevailed at successive gcolojiical periods — Relative 
im|x)rtance of mineral and palaeontological characters— Test of ago by included 
fragments — Frequent absence of strata of intervening y)eriod8 — Principal groups 
of strata in western Europe —Tabular views of fossiliferous strata. 

In the last chapter I spoke generally of the chronological relations of 
the four great classes of rocks, and I shall now treat of the aqueous 
rocks in particular, or of the successive periods at which the different 
fossiliferous formations have been deposited. 

There are three principal tests by which wo determine the age of 
a given set of strata ; first, superposition ; secondly, mineral cha- 
racter ; and, thirdly, organic remains. Some aid can occasionally be 
derived from a fourth kind of proof, namely, the fact of one deposit 
including in it fragments of a pre-existing rock, by which the rela- 
tive ages of the two may, even in the absence of all other evidence, 
be determined. 

Superposition, — The first and principal test of tlie ago of one 
aqueous deposit, as compared to another, is relative position. It has 
been already stated, that, where strata are horizontal, the bed whicli 
lies uppermost is the newest of the whole, and that which lies at the 
bottom the most ancient. So, of a series of sedimentary formations, 
they are like volumes of history, in which each writer has recorded 
the annals of his own times, and then laid down the book, with the 
last written page uppermost, upon the volume in which the events of 
the era immediately preceding were commemorated. In this manner 
a lofty pile of chronicles is at length accumulated ; and they are so 
arranged as to indicate, by their position alone, the order in wliicli 
the events recorded in them have occurred. 

In regard to the crust of the earth, however, there are some re- 
gions where, as the student has already been info^jmed, the beds have 
been disturbed, and sometimes extensively thrown over and turned 
upside down. (See pp. 58, 59.) But an experienced geologist can 
rarely be deceived by these exceptional cases. When he finds that 
the strata are fractured, curved, inclined, or vertical, he knows that 
the original order of superposition must be doubtful, and he then 
endeavours to find sections in some neighbouring district where the 
strata are horizontal, or only slightly inclined. Here, the true order 
of sequence of the entire series of deposits being ascertained^ a key is 
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furnished for settling the chronologjrfFthose strata where the dis- 
placement is extreme. 

Mineral character, same rocks may often be observed to 

retain for miles, or even hundreds of miles, the same mineral pecu- 
liarities, if we follow the planes of stratificatiem, or trace the b^s, if 
they be undisturbed, in a horizontal direction. But if we pursue 
them vertically, or in any direction transverse to the planes of strati- 
fication, this uniformity ceases almost immediately. In that case we 
can scarcely ever penetrate a stratified mass for a few hundred yards 
without l>eholding a succession erf extremely dissimilar rocks, some of 
fine, others of coarse grain, some of mechanical, others of chemical 
origin ; some calcareous, others argillaceous, and others siliceous. 
These phenomena lead to the conclusion, that rivers and currents 
have dis|>er 8 cd the same sediment over wide areas at one period, but 
at successive periods have been charged, in the same rt^gion, with 
very different kinds of matter. The first observers were so astonished 
at the vast spaces over which they were able to follow the same homo- 
geneous rocks in a horizontal direction, that they came hastily to the 
opinion, that the whole globe had been environed by a succession of 
distinct aqueous formations, disposed round the nucleus of the planet, 
like the concentric coats of an onion. But although, in fact, some 
formations may bo continuous over districts as large as half of Europe, 
or even more, yet most of them either terminate wholly within narrower 
limits, or soon change their lithological character. Sometimes they 
thin out gradually, as if the supply of sediment had failed in that 
direction, or they come abruptly to an end, as if we had arrived at the 
borders of the ancient sea or lake which served as their receptacle. 
It no less frequently happens that they vary in mineral aspect and 
coin[)08ition, as we pursue tliem horizontally. For example, we trace 
a limestone for a hundred miles, until it becomes more arenaceous, 
and finally passes into sand, or sandstone. We may then follow this 
sandstone, already proved by its continuity to be of the same age, 
throughout another district a hundred miles or more in length. 

Organic remains , — This character must be used as a criterion of 
the age of a formation or of the contemporaneous origin of two 
deposits in distant places, under very much the same restrictions as 
the test of mineral composition. 

First, the same fossils may 'be traced over wide regions, if we 
examine strata in the direction of their planes, although by no means 
for indefinite distances. 

Secondly, while the same fossils prevail in a particular set of 
strata for hundreds of miles in a horizontal direction, we seldom meet 
with the same remains for many fathoms, and very rarely for several 
hundred yards, in a vertical line, or a line transverse to the strata. 
This fact has now been verified in almost all parts of the globe, and 
has led to a conviction, that at successive periods of the past, the 
same area of land and water has been inhabited by species of animals 
and plants even more distinct than those which now people the anti- 
podes, or which now co-exist in the arctic, temperate, and tropical 
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zones. It appears, that from the remotest periods there has beeu 
ever a coming in of new organic forms, and an extinction of those 
which preexisted on the earth ; some species having endured for a 
longer, others for a shorter, time ; while none have ever re-appearod 
after once dying out. The law which has governed the succession 
of species, whether we adopt or reject the theory of transmutation, 
seems to be expressed in the verse of the poet, — 

Natura il fece, e poi rappe la stampa. Aaiosra 

Nature made him, and then broke the die. 

And this circumstance it is, which confers on fossils their highest 
value as chronological tests, giving to each of them, in the eyes of 
tlie geologist, that authority which belongs to contemporary medals 
in history. 

The same cannot be said of each j>ociiliar variety of rock; for 
some of these, as red marl and red sandstorjo, for example, may 
occur at once at the top, bottom, and middle of the entire sedi- 
mentary series ; exhibiting in each position so perfect an identity of 
mineral aspect as to be undistinguishable. Such exact repetitions, 
however, of the same mixtures of sediment have not often been pro- 
duced, at distant periods, in precisely the same parts of the globe ; 
and, even where this has happened, wc are seldom in any danger of 
confounding together the monuments of remote eras, when we have 
studied their imbedded fossils and tl»eir relative position. 

It was remarked that the same species of organic remains cannot 
be traced horizontally, or in the direction of tlic planes of strati- 
fication for indefinite distances. This might have been expected 
from analogy; for when wc inquire into the present distribution of 
living beings we find that the habitable surface of the sea and land 
may be divided into a considerable number of distinct provinces, 
each peopled by a peculiar assemblage of animals and plants. In the 
Principles of Geology, I have endeavoured to point out the extent 
and probable origin of these separate divisions; and it was shown 
that climate is only one of many causes on which tliey depend, and 
that difference of longitude as well as latitude is generally accom- 
panied by a dissimilarity of indigenous species. 

As different seas, therefore, and lakes are inhabited, at the same 
}»eriod, by different aquatic animals and plants, and as the lands ad- 
joining these may be peopled by distinct terrestrial species, it follows 
that distinct fossils will be imbedded in contemporaneous deposits 
If it were otherwise — if the same species abounded in every climate, 
or in every part of the globe where, so far as can discover, a 
corresponding temperature and other conditions favourable to their 
existence are found — the identification of mineral masses of the 
same age, by means of their included organic contents, would be a 
matter of still greater certainty. 

Nevertheless, the extent of some single zoological provinces, espe- 
cially those of marine animals, is Yevy great; and our geological 
researches have proved that the same laws prevailed at remote 
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periods ; for the fossils are often identical throughout wide spaces, and 
in detached deposits, consisting of rocks varying entirely in their 
mineral nature. 

The doctrine here laid down will be more readily understood, if we 
reflect on what is now going on in the Mediterranean. That entire 
sea may be considered as one zoological province; for although certain 
species of testacea and zoophytes may be very local, and each region 
has probably some species peculiar to it, still a considerable number 
are common to the whole Mediterranean. If, therefore, at some 
future period, the bed of this inland sea should be converted into land, 
the geologist might be enabled, by reference to organic remains, to 
prove the contemporaneous origin of various mineral masses scattered 
over a space equal in area to half of Europe. 

Deposits, for example, are well known to be now in progress in this 
sea in the deltas of the Po, Rhone, Nile, and other rivers, which differ 
as greatly from each other in the nature of their sediment as does the 
composition of the mountains which they drain. There are also other 
quarters of the Mediterranean, as off the coast of Campania, or near 
the base of Etna, in Sicily, or in the Grecian Archipelago, where 
another class of rocks is now forming; where showers of volcanic 
ashes occasionally fall into the sea, and streams of lava overflow its 
bottom ; and where, in the intervals between volcanic eruptions, beds 
of sand and clay are frequently derived from the waste of cliffs, or 
the turbid w'aters of rivers. Limestones, moreover, such as the Italian 
travertins, are here and there precipitated from the waters of mineral 
springs, some of which rise up from the bottom of the sea. In all 
these detached f»)rmations, so diversified in their lithological cha- 
ractiTs, the remains of the same shells, corals, Crustacea, and fish are 
becoming inclosed ; or, at least, a sufficient number must be common 
to the difleront localities to enable the zoologist to refer them all to 
one contemporaneous assemblage of species. 

There are, however, certain combinations of geographical circum- 
stances which cause distinct provinces of animals and plants to bo 
separated from each other by very narrow limits ; and hence it must 
happen, that strata will be sometimes formed in contiguous regions, 
differing widely both in mineral contents and organic remains. Thus, 
for example, the testacea, zoophytes, and fish of the Rod Sea are, as 
a group, extremely distinct from those inhabiting the adjoining parts 
of the Mediterranean, although the two seas are separated only by 
the narrow isthmus of Suez. Of the bivalve shells, according to 
Plulippi, not more than a fifth are common to the Red Sea and the 
sea around Sicily, while the proportion of univalves (or Gasteropoda) 
is still smaller, not exceeding eighteen in a hundred. Calcareous 
formations have accumulated on a great scale in the Red Sea in 
modern times, and fossil shells of existing sp^ics are well preserved 
therein ; and we know that at the mouth of the Nile large deposits 
of mud are amassed, including the remains of Mediterranean species. 
It follows, therefore, that if at some future period the bed of the 
Red Sea should be laid dry, the geologist might experience great 
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difficiilties in endesToniing to taoerlain the rdative ige of these 
formations, which, although dissiinilar both in organic and mineral 
characters, were of synchronous origin. 

But, on the other hand, we must not forget that the north-western 
shores of the Arabian Gulf, the plains of Kgrpt, and the isthmus of 
Sues are all parts of one province of terrestrial species. Small 
streams, therefore, occasional land>floods, and those winds which drift 
clouds of sand along the deserts might carry down into the Bed Sea 
the same shells of duviatile and land testacea which the Nile is 
sweeping into its delta, together with some remains of terrestrial 
plants and the bones of quadrupeds, whereby the groups of strata, 
before alluded to, might, notwithstanding the discrepancy of their 
mineral composition and marine organic fossils, be shown to have 
belonged to the same epoch. 

Yet while rivers may thus carry down the same fluriatile and 
terrestrial spoils into two or more seas inhabited by different marine 
species, it will much more frequently happen, that the co-existence 
of terrestrial species of distinct zoological and botanical provinces 
will be proved by the identity of the marine beings which inhabited 
the intervening space. Thus, for exsimple, the land quadrupeds and 
shells of the south of Europe, north of Africa, and north-west of 
Asia differ considerably, yet their remains are all washed down by 
rivers flowing from these three countries into the Mediterranean. 

In some parts of the globe, at the present period, the line of 
demarcation between distinct provinces of animals and plants is not 
very strongly marked, especially where the change is determined by 
temperature, as it is in seas extending from the temperate to the tropic^ 
zone, or from the temperate to the arctic regions. Here a gradual 
passage takes place from one set of species to another. In like 
manner the geologist, in studying particdlar formations of remote 
periods, has sometimes been able to trace the gradation from one 
ancient province to another, by observing carefully the fossils of all 
the intermediate places. His success in thus acquiring a knowledge 
of the zoological or botanical geography of very distant eras has been 
mainly owing to this circumstance, that the mineral character has no 
tendency to be affected by climate. A large river may convey 
yellow or red mud into some part of the ocean, where it may be 
dispersed by a current over an area several hundred leagues in 
length, so as to pass from the tropics into the temperate zone. If 
the bottom of the sea be afterwards upraised, the organic remains 
imbedded in such yellow or red strata may indicate the different 
animals or plants which once inhabited at the Same time the tem- 
perate and equatorial regions. 

It may be true, as a general rule, that groups of the same specie* 
of animflds and plants may extend over wider areas than deposits of 
homogeneous composition ; and if so, palasontological characters will 
be of more importance in geological classifleation than the test of 
mineral compositioii; but it is idle to discuss the relative value of 
these testSi as the aid of both is indispensable, and it fortunately 
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happens, that where the one criterion fails, we can often avail our- 
selves of the other. 

Te$t by included fragmenU of older roch . — It was stated, tlist 
independent proof may sometimes be obtained of the relative date of 
two formations, by fragments of an older rock being included in a 
newer one* This evidence may sometimes be of great use, where a 
geologist is at a loss to determine the relative^ age of two formations 
from want of clew sections exhibiting their true order of position, or 
because the strata of each group are vertical. In such cases we 
sometimes discover that the more modern rock has been in part 
derived from the degradation of the older. Thus, for example, we 
may find chalk wdth dints in one part of a country ; and, in another, 
a distinct formation, consisting of alternations of day, sand, and 
pebbles. If some of these pebbles consist of similar flint, including 
fossil shells, sponges, and foraminifera, of the same species as those 
in the chalk, we may confidently infer that the chalk is the oldest of 
the two formations. 

Chronological groups, — The number of groups into w hich the 
fossiliferous strata may be separated are more or less numerous, 
according to the views of classification which different geologi>ts 
entertain ; but when we have adopted a certain system of arrange- 
ment, we immediately find that a few only of the entire series of 
groups occur one upon the other in any single section or district. 

The thinning out of individual strata w^as before described (p. IG.). 

Fig. 102. 

1 

3 

4 

6 

7 

But let the annexed diagram represent seven fossiliferous groups, 
instead of as many strata. It wdll then be seen that in the middle 
all the superimposed formations are present ; but in consequence of 
some of them thinning out, No. 2. and No. 5, are absent at one 
extremity of the section, and No. 4, at the other. 

In another diagram, fig. 103., a real section of the geological 
formations in the neighbourhood of Bristol and the iMendip Hills is 
presented to the reader, as laid down on a true scale by Professor 
Ramsay, where the newer groups 1, 2, 3, 4. rest unconformably on 
the formations 5 and 6. Here at the southern end of the line of 
section we meet with the beds No. 3. (the New Red Sandstone) resting 
immediately on No. 6., while farther north, as at Dundry Hill, we 
behold six groups superimposed one upon the other, comprising all 
the strata from the inferior oolite to the coal and carboniferous 
limestone. The limited extension of the groups 1 and 2. is owing 
to denudation, as these formations end abruptly, an^ have left 
outlying patches. to attest the fact of their having originally covered 
a much wider area. 
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Section South of Brtitol. A. C. R«nii«x* 

Length of aectiofi 4 milee. h. Le?el of the mm. 

1. Inferior oolite. 5. Coal meaturee. 

2. LUa. 6. Carboniferoua UmMCoiie. 

3. New red tandftone. 7. Old red aandatoue, 

4. MagneaUn conglomerate. 


In many instances, however, the entire absence of one or more 
formations of intervening periods between two group*, such as 3. 
and 5. in the same section, arises, not from the destruction of what 
once existed, but because no strata of an intermediate age were ever 
deposited on the inferior rock. They were not formed at that place, 
either because the region -was dry land during the interval, or because 
it was part of a sea or lake to which no sediment was carried. 

In order, therefore, to establish a chronological succession of 
fossiliferous groups, a geologist must begin with a single section in 
which several sets of strata Jio one upon the other. He must then 
trace these formations, by attention to their mineral character and 
fossils, continuously, as far as possible, from the starting point. As 
often as he meets with new groups, he must ascertain by super- 
position their age relatively to those first examined, and thus learn 
how^ to intercalate them in a tabular arrangement of the whole. 

By this means the German, French, and English geologists have 
determined the succession of strata throughout a great part of 
Europe, and have adopted pretty generally the following groups, 
almost all of which have their representatives in tlie Biitish Islands. 


Groups of Fossiliferous Strata observed in Western Europe^ ar* 
ranged in what is termed a descending Series^ or beginning with 
the newest, {See a more detailed Tabular vieWy pp. 102. 106.; 


1. Post-Tertiary, including Recent and 

Post-Pliocene. 

2. Pliocene. 

3. Miocene. 

4. Eocene. 


Tertiary, Supracretaceous*, 
or Cainozoic.f 


5. Chalk. 

6. Greensand and Wcalden. 

7. Upper Oolite, including the Purbeck. . I 

S. Middle Oolite. '-Secondair, or Mesozoic. 

9. Lower Oolite. 

10, Lias. 

11. Trias. 


o 


s 




♦ For tertiary. Sir H. De La Beebe are saperior in position to the chalk, 

has used the term “snpracretaceous/* a f explanation Of Caitiozoic, 

name implying that the eirata so called &c. see above, p. 92. 
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13. Fermifto. 

19. Co«L 

14. Old Bed Senditooe, or DeronlAo. 

19« Upper Silnrieii. 

le. L^er Siluriai]. 

17. CtmbriAQ and older fowiliferotui ft 

It is not pretended that the three principal sections in the above 
table, called primary, secondary, and tertiary, are of equivalent im- 
portance, or that the seventeen subordinate groups comprise monu- 
ments relating to equal portions of past time, or of the earth’s his- 
tory. But we can assert that they each relate to successive periods, 
during which certain animals and plants, for the most part peculiar 
to their respective eras, have flourished, and during which difierent 
kinds of s^iment were deposited in the space now occupied by 
Europe. 

If we were disposed, on palaeontological grounds ♦, to divide the 
entire fossiliferous series into a few groups less numerous than those 
in the above table, and more nearly co-ordinate in value than the 
sections called primary, secondary, and tertiary, we might, perhaps, 
adopt the eight groups or periods given in the next table. 

At the same time, I may observe, that, in the present state of the 
science, when we have not yet compared the evidence derivable from 
all classes of fossils, not even those most generally distributed, such 
as shells, corals, and fish, such generalizations are premature, and can 
only be regarded as conjectural or provisional schemes for the found- 
ing of large natural groups. 


) 

PHinaiy. FabBOzoic. 


Fossiliferous Strata of Western JEurope divided into Eight Groups. 


from the Beceat to the Eocene inclusive. 


2. Cretaceous 
8. Oolitic - 

4. Triasfio 

5. Permian and 

ferouf 

6. Devonian or 

Sandstone 

7. Silurian 

8. Cambrian 


} from the Maeftricht Chalk to the Wealden inclu- 
sive. 

• - from the Purbeck to the Lias inclusive. 

including the Keuper, Muschelkalk, and Bunter- 
Sandstein of the Germans. 

Carboni- including Magnesian Limestone, Coal Measures, 
- - and Monntain Dmestone. 

Old Red from the Yellow Sandstone of Fife to the Forfar- 
- - shire paving stones with cephalaspis. 

from the Upper Ludlow to the Bala Limestone, 
and Graptolite Schists, 

from the Lingula flags or primordial zone of Bar- 
rande to the lowesf known fossiliferous rocks. 


But the following more detailed list of fossiliferous strata, divided 
into a greater number of sections, will be found useful by the reader 
when he is studying our descriptions of the sedimentary formations 
given in the next 18 chapters. 


* Palieontology is the telenoe which cient, orra, onto, beings, and XoTor, logos, 
treats of fosfl^ remains, both animal and a discourse, 

vegetable. woXoios, pahiot, an- 
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ABRIDGED GENERAL TABLE OF FOSSILIFEROUS STRATA. 


1. RECEKT. 
i. POST-PLIOCENE. 

8. NEWER PLIOCENE. 

4. OLDER PLIOCENE. 

6. UPPER MIOCENE. 

6. LOWER MIOCENE. 

7. UPPER EOCENE. 

8. MIDDLE EOCENE. 

9. LOWER EOCENE. 

10. MAESTRICHT BEDS. 

11. WHITE CHALK. 

12. UPPER GREENSAND. 

13. GAULT. 

14. LOWER GREENSAND 
Hi, W EALDEN. 

16. PURBECK BEDS. 

17. PORTLAND STONE. 

18. KIMMERIDOE CLAY. 

19. CORAL RAG, 

20. OXFORD CLAY. 

21. GREAT or BATH OOLITE. 
INFERIOR OOLITE. 

23. LIAS. 

24. UPPER TRIAS. 

25. MIDDLE TRIAS. 

26. LOWER TRIAS. 

27. PERMIAN. 

28. COAL-MEASURES. 

29. CARBONIFEROUS 

LIMESTONE. 

30. UPPER -I 

81. MIDDLE [.DEVONIAN. 

3X LOWER J 
83. UPPER "I 

34. MIDDLE Uh-URIAN. 

35. LOWER J 

86. UPPER ) 

S CAMBRIAN. 


nxocnra. 

BKxocava. 


OMTAOISOVS. 


JirmjLSuc. 


. TU&8SZC. 

I 

PSaMZAV. 

i CJkMMOWtrmMOVB. 

savovzAv. « 

azzivazAV. 


{H U 

5 o 
C So 


« 

< 

G 


o 

. N 


jz; So 
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Li 

i°S 


Hi 


37. LOWER i 

38. UPPER 'I 
8d. LOWER J 


LAURENTIAN. 


< 

(h 


PALAEOZOIC. NEOZOIC. 



TABtJLAB VIEW 

OF 

THE FOSSILIFEROUS STRATA, 

flUOWTirO THU ORDER OF STPERPOglTlOJf OR CBBOKOLOQICAL ftCCBSSION OF THE PRINCIPAL 
OROCPi, WITH REFERENCl TO THE PAGES WHERE THEY ABB DESCRIBED IN THIS WORE. 


POST- 
TEKTURy( 


i 

aacwT 


2 

»08T- 

ruocaira 


POST-TERTIARY. 

(Terrains eontemporains et quatemaires). 

Examples. 

Marine ifcrata. with human remaiiif*'^ 
on coast of Cornwall (p. 109). 

Marinf strata, with oanoca, in the eat uary of thi 
Clyde (p. 109). 

Foreiffn-’Vknish peat (kitchen-middens), with Shells and 
( implements of bronze and atone (n. 110). I mammalia, all 
Lacustrine mud, with remains of Swiss lake- [ of living 
dwellings and implements of stone and species, 
metal (p.llOj. 

Marine strata inclosing Temple of Scrapis, at 
Puzzuoli (p. 109). 

^ Lacustrine strata of Cashmere (p. 109). J 
Loamof Brixham cave, with flint knives ^ 
and bones of extinct and living quadrupt^ds ! 

(p. m- 

Valley gravels, or ancient alluvium of the 
Thames and Ouse, with stone implements 
(p.mi. 

Glacial drift of Scotland, with marine shells (p. 

151). 

Boulder formation of Norfolk cliffs (p. 161). 

Forest-bed of Norfolk cliffs, with nones of 
elej)hant, &c. (n. 161). 1 

Glacial drift of Wales with marine fossil shells i 
nearly 1,400 feet high, on Moel Tryfaen (p. 

158). 

Ancient Valley ^vols of Amiens, with ' Shells, recent 
Hint implements andbones of extinct mam- mammaha 
malia (p. lift). / in part 

Loess of Khino (pn. 117, 118). 1 extinct. 

Ancient Nile-mua forming river-terraces (p. 

118). 

Marin© strata of Sardinia, SCO ft«t above sea- 
level, with potteiw and boues of extinct 
quadrupeds (p. 121)- 

Loam and breccia of Lleg© caverns, with 
human remains, and bones of extinct and 
recent mammalia (p. 124). 

Australian cave breccias, with bones of extinct 
marsupials (p. 12ft). 

Glacial drift of Northern Europe (pp. 143-151). 

Post-glacial freshwater deposits of North Arne- 
\ rica with remains of mastodon (p. 166). 


pliocene/ 


moowmm 


% 

oaurn 


TERTIARY. 

(Terrains tertiaires), 

BnYifA— Noiwich crag, marine, with 11 per cent, of the shells of 
extinct species, bonee of Mastodon arvenetms, Ac. (p. 196). 
Uhillesford beds, with marine shells, 9 per cent, extinct, and 
those of living species chiefly Arctic (p. 190). 

BHdlin^u b^s, marine Arctic frutia, commencement of 
/ glacial epoch (p. 198). 

\ Tuffb of Ischia (p. 188) > Marine shells of which 

Cone of Monte Sommajfp. 180) > 1 to 7 per cent, of the 

Eastern base of Mount Etna (p. 189) ) species extinct. 
Calcareous and argillaceous strata and volcanic tuffk of Sicily, 
with shells from 10 to 30 per cent, of extinct species (p. 191). 
Lacustrine strata of Upper Val d’Arno, with Mastodon arver- 
nensis, Ac. (p. 195). 

/ j&n<>sA~Red crag of Suffolk, marine shells, some of northwn 
fbrms, 40 per cent, of extinct species (pp. 199, 204). 

'9^ite or ooralline crag of Suffolk, testacea less northern, 48 
per cent, of extinct species. 

Pof¥«gf»— Upper and middle Antwerp crag, shells from 40 to 50 

per o^t. extinct, bones of cetacea numerous (p. 20ft). 

, 
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BXA10>LJ8* 

Ferrufinouf ttncb of North Downs ? (p. aw), 

Fffr«iph-n. XdeirheBi beds. Antwerp, with shells 61 per cent, 
of extinct tp^es (p. £12). 
a. Dies! sands (p. 232). 

Bolderberg beds of Belgium (p. 233). 

Fa^ns ^ lynuraine. with testacea of sub*tropical t harmeter. 


[lOCENE 


mPFsm 1 

mXOCMKM j 


1 

1 

V 


Faluns, proper, of Bordiwux (p. 280). 

Freshwater strata of Gert. with remains of quadrumatia 

(p. 281). 

Bands of Eppelsbeim, with ftduniao quadrupeds (p. 241). 
Vienna basin, with shells four<lifUis extinct species, and Zhno* 
(herium (p. 241). 

Beds of the Superga near Turin (p. 244). 

Deposit at PikeruiC, near Athens, with fbasil pachyderms and 
apes (p. 245). 

Hwiss (Enlngen beds, rich in plants and insocts (pp. 246-252). 
Marino molasse, Switzer land (p. 255). 

Siw61ik bills, with firesbwater shells and extinct quadrupeds 
(p. 273). 

Marine strata of the Atlantic border In tho United States 
(p. 274). 

Volcanic tuff and limestone of Madeira, the Canaries, and tho 
Azores (p.667). 


aOCENE 


, Hempstead beds, marine and freshwater strata (p. 237). 

Lignites at.d clays of Bovey Tracey, plants of sub-tropical 
I character I p. 23s). 

< Isle of Mull leaf-lK*d, volcanic tuff (p. 240). 


6 

Xiowsm 

aCXOCBVB 

I 


I 




\ 


Foreign - Calcaire de la Ikwace, Ac. (p. 217). 

Gr<‘» de Fontainebleau (p. 217). 

Lacustrine strata of the Limagno d'Auvergno (p. 220), and of 
the Cautal (p. 22»). 

Lower marine and brackish strata of Bordeaux, with Cerithium 
plicatumy Ac. (p. 230). 

Mnyence bavin, Littorinella limestone, and marls with Cyrena 
scmintriatay Ac. (p. 241). 

Kadaboj IkkIs of Croatia, with fossil plants and insects (p. 24i3) , 

Brown coal of Germany (p. 244). 

Low<t nudasse of Switzerland, freshwater and brackish, willi 
sub-tropical floia (pp. 256-261). 

B.u)Mdian beds of Dumont, with Leda DeshayeBinna, Ac. (p. 235). 

Middle Limburg (Kleyn Spawen) IhhIs (Ui)per Tongriau of 
Dumont), with marine and freshwater shells (p. 236). 

Lower Limburg (Lower Toiigrian of Dumont) with marine 
shells, one-third common to Upper Eocene (p. 236). 

Nebraska beds, with bones of extinct quadruj)eds and che - 
^ nians (p. 276). 

British — 1, Bembridge, fluvlo-marine strata with I 
theriumy Ac. (p. 261). 

2. Osborne or St. Helen’s series (p. 282). 

3. Headon series, with marine and freshwater shells (p. 282). 

4. Barton clay, with xmmmulites (p. 285). 


Foreign— I, Gypsum of Montmartre, freshwater with Paleothe- 
rtum ^p. 207). 

2. Calcaire silicieux, or Travertin infrrieur (p. 300). 

^ 3. Gr68 de Beauchamp or Sables moyens (p. 300). 

I BritUh—l, Bagshot and Bracklesham beds (p. 247). 

2. White clays of Alum Bay, with plants of tropital genera 

• ] (p.280). * 

IttXBDU ! ForeigtB-\. Calcaire greasier, mlllolitic limestone (p. 300). 
BOCBX6B I 2. Soissonnais sands, or Lits coquillicrs, with Nummulite$ 


was/# 

8. CMtone b^^of United States, with OrUUouiet and Ztnig- 


9 


; socsirs 


✓ WUVf» wv/. 

iBft/iffA—l. London clay proper, shells, fish, and plants ot sub- 
j tropical types (p. 289). 

2. Plastic or mottled clays of Woolwich, fluvio-marmc (p, 292). 
( 8. Thanet sands, with PhoUidomya, Ac. (p. ^). 

Foreign — 1, Aigile de Londres near Dunkirk (p. 2ito). 

2. Argilfc plisiique, with OoBtorws parUUneis (p. 363). 

. 3. Sables de Bracheux, with Arctoegon primatm§ (p, 303). 
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SEOONDAKY. 

{Terrahu seeondmrei). 


CRETACE. 

OUS. 

( Terrains 
crHack) 


10 

irran 

OmSTAOS' 

am 




11 

Xiowm 

CMTACB* 

om 


Wtntinff. 

1 White chalk wnh Uinta* marine (p. 819). 

8. ChiUk marl* marine (p.SB). 

4. Upper grreenMnd-'fljre'ftone of SUrrey. marine (p. 819). 

5. Gault— dark blue mari of aouth<eaat or England (p. 8it9). 

Blackdown beds of littoml or^n (p. 880). 

1. Maeidrioht bed*, with Jlir*ia^/«rM (p. 818). 
j Faroe chalk with NavutUus danicus, Ac. (p. 814). 

2. White chalk of France* Sweden, and Rum (p. 316). 

8. Pl&ner-kalk of Saaony (p, 322). 

2 and 3. Sanda and elay» or A ix-ia^Chapelle, with preponder- 

ance of dicotylr^oiiouA angUMperms (p. 831). 

4. Quader sandatein of Germany (p. 882). 

5. Gault of the Loire (p. 829). 

2 and 3. Hippurite Hmeatone of South of France (p. 333). 

2 to 6. New Jersey UB. aaitda and marli (p. 836). 

2 to 6. SUIceouB iimetlone of Texasi (p. .837). 

Briiish—l, Ferruginous and green sands {p. 389). 

Kentish rag, or calcareous stone (p. 339). 

Atherlleld biids, marine, with Pema Mtdleit (p. 843). 

2. Weald clay of Surrey, Kent, and Sussex, freshwater, with 

^ OjL.t\ 


OOLITE ) 

in part 


%USi 
{ Ttrtmns 
j uraesignes) 
in part 


TRIAS 
{Nouveau 
grh rouge) 


la 

irPBSB 

OOliXTB 


IS 

MXBDXiB 

oozizra 


i« 

XiOWSB 

OOUTB 


15 


16 

m; 


Hastini^ Hands (^Tunbridge and Ashbumbam beds), ftresh- 
watef, Iguanoaon ManitlU (p. 346). 

Foreign— \. Neocomianof NeufchAtel (p. 889). 

2. Wealden beds of Hanover (p. 349). 

British— \5ppct Purbcck beds, freshwater, Purbock marble (p. 
377). 

Middle Purbcfck fluvif>-raarine, with numerous marsupial 
quadrup<»dH, Ac. (p. 878). 

Lower Purbeck ftreshwater. with intercalated dirt-bed (p. 387), 
Portland stone and sand (p. 891). 

Kinimeridge day, bituminous shale, with marine shells, 24 
per cent, comiuon to middle oolite (jp. .*192). 

Fore/^n— Marnes A gryphOes virgules of Argoiine (p. 59;i). 

, Lithographic stone of Solonhofen vi\i)\Arch<jto})teryx (p. 3W). 
i British — Coral rag of Berkshire, Wilts, and Yorkshire (p.3'.»6). 

( Oxford clay, with l)elcmnitf« ami ammonites ([>. 397). 

Kelloway rock of Wilts and Yorkshire, with shells, 21 per cent, 
common to lower oolite (p. 39H). 

Foreign— 1. Nerineoan iiinestoue of the Jura. 

Dioeras limestone of the Alps (p. 396). 

Cambrash and forest marble of Wilts and Gloucester- 
shire (p. ,398). 

Gretat f»olite of Bradford, with enerinites, Ac. (p. 399). 
StoiKtshcld slate with marsupials and Araucaria (p. 402). 
Fuller’s earth of Bath with Ostrea aewntnafa (p. -MiS). 
Inferior oolite, with 24 |)er cent, of shells coiumou to groat 
oolite (p. 410). 

Up}HT lias, argillaceous, with Ammonites striatulus, Spirifer^ 
and Li^tana (p. 415), 

Shale and limestone* with Ammonites tiifrons (p. 416). 

Mar Intone Bcrit^s, or middle lias, divisible into three zones with 
characteristic Ammonites (p. 416). 

Lower lias, divisible into Hix zones. Ammonites Bucklandi in 
the lowest but one, and A. planorbis in the lowest zone 
(n.417). 


Penarth, or Avicula coutorta beds— "White lias, with fish 
of the genera Hybodus^ Ac. (p. 439). 

Dolomitic conglomerate of Bristol, with Thecodontosaurus, Ac. 
(P. 444). 

Rod clay, with thick beds of salt, at Northwioh. in Cheshire 
(p.446). 

Fore*i/n— Keuper beds of Germany, with Microtestes and fish of 
the genera Subodus. Ac. (p. 430). 

St. Cassianor Hallstadt beds, with rich marine ftiuna (p. 432). 

Coalfield of Richmond, Vir^nia, with Bstberia ovata and 
plants resembling those of European Keujier (p. 418). 

I Chatham coalfield. North Carolina, with Dromathermm (p. 

> 454). 

Wanting. 

Muschmkalk of Germany, with Bncrinus Uliiformis and 
PtocodsM (p. 486). 

RnfixA— New red sandstone of Lancashire and Cheshire* with 
Labyrinthodon and footprints of Ciwirotherium (p. 4411. 

Bunter^iandstein of Germany* with footsteps of Laby- 
rtnthodon (p. 488). 

Red sandstone of Connecticut Valley* with footprints of birds 
and rentUes (d. 490). 
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PERMIAN 


AKBONI- 

?mous. S 


EVONIAN 

or 

Old Red 
Sandstone 
( Terrain 
BevonieUy 
Vieux gris 
rouge) 


PRIMARY. 


(Ttrrmm paihso^ues)* 


/ 


im 

wmmMXMM 


Exampugbl 

Concrvttonaiy EMgaetiftn limettone of Durham and 
Yorkshire (p.4S7}. 

2. Breociated magneaiaii limoatone of Tjnemouth olifl; *c. 

(p. 467), 

A Fossil ifeit>utmagneeianlimeatone,mthJVfMif4l« ref 
(p. 458). 

4. Compact magnesian limestone (p. 489). 

5. MarUslate of Durham, with hcteroecrcal Ash (p. 489). 

6. Inferior sandstones, with plants reaembliog those of the 

coal, but differing in species (p. 480). 

Foreign-~\. Stinksteln of Thuringia (p. 456). 

A Rauch wacko, ibnL (p. 458). 

3. Dolomite or Upper Zechsteiu (p. 461). 

4. Zechsteiu or I^ower Zochstein (p. 481). 

5. Mcrgcl-schiofor or Kupfurschiefer, with Protoromurm (p. 

461). 


j 6. Bothdiegendes of Thuringia, with Psanmimt (p. 481). 
\ Magncisian limostom^, Su'^ of Russia (p. 480). 


20 

irpvn j 
CAJtao«z.\ 
moim 


^Pritish—CA}h\ measures of South Wales, with underclaya cncloi- 
iiig Stigmaria (p. 485). 

Coal measures of Coalbrook Dale (p. 4IM)). 

Millstone grit (p. 483). 

Carboniftirous rock* of Ireland (p. 464). 
jforeign~^i. Ktvoune coalftold. with erect fcMsil treea (p. 480). 
Cuailleld of Saarbruck with Arehe{H) 9 aiiru$ (p. 502). 
CarbouifcrouK strata of Nova Scotia, with fossil forests, and 
land-shell Pupa vetwtia (p. r>09). 

Appalachian coalfleUl, 720 miles long and ISO miles wide, with 
V footprintt of Cheirotheriuin (p. 506). 


21 

XiOWXB 

OA-BSOVZ- 

mou8 


22 

VPFBB 


23 

MZBBXiB 

BBVO- 

MXAM 


22 

Mwn 

WXAM 


'Bn<<sA—Mountalii limestone of Wales and South of Kngland. 
with marine fossils, chietly corals and crinoids (p. 512). 

Same in Somersetshire and Ireland, with hsh-lssls (p. 617). 
i Carimniferoiis limestone of Scotland alternating with coal- 
\ bearing sandsloties (p. 48t). 

Fompn—Mountain liniestone of Belgium (p. 517). 

Kiesei-stdiiefcr and Jungcro (irauwacke of Germany, with 
1 Posidonomga Becheri (p. 51H). 

V Gypseous beds and Encrimtal limestone, Nora Scotia (p. 510). 

( Yellow sandstone of Dura Den, with OlvptoUmnu$ (p. 

621, 626) ; and of Kilkenny with fossil Ash (p. 521). 

I Pilton group of North Devon, with Spirifer diejunctw (p. 
633). 

1 Petherwyn group of Cornwall, with Clgmenia and Cgpridha 
[ (l>, 533). 

jFomj 7 n— Clymenien-kalk and Cypridinen-schiefer of GeitBiny 
(p. 533). 

LimestoneH of the Fichtelgcbirge, with trilobites of the genera 
Brontes, Ac. (p. 633). 

V Catskill and Chemung group of New York, U.S. (p. 640). 
British — Sandstones of Forfarshire and Pertlishire, with llolo- 

ptychius, Ac. (p. 522). 

Bituminous schists of Gamrie, Caithness, Ac., with numerous 
Ash (p. 527). 

J Unfosslliferous series of North Devon (p. 534). 

\ llfracomlie beds with many trilobites and corals, and with ce- 
phalopoda distinct from UpjJbr Devonian (p.534). 
Foreign — limestone with underlying schists containing 
CcUceola (p. 537), 

Cornirerouafurination of Western CanadaandNew York (p4i38). 
^ Devonian strata of Russia (p. 537). 

British— hrbro&ih paving-stones with Cephalatpis, Ptsrggotu$„ 
and Parka (p. 637). 

Lower sandstones of Caithness with Pterygotus (p. 638). 
Sandstones and slates of the Foreland and Linton (p. 687), 

\ Sandstones of Torquay with broad-winged Spirifers (p. 687). 
Forevn— South AfHcan Devonian strato mXibHomdUmaius, Ac. 

Omka^^’sandstone of W^estem Canada and New York (p. 

k m. 
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SILURIAN 
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SUurien) 


CAM- 

BKIAN 


ULVRm- 

TUN 


2S 

vwwvm 

mmmukM 


I 


SaUMFUW. 

ffrifisJ^Vpper Lodlow formaiion, Dovnton taoditoue. with 
bone>b<iia in tbe upperput ; grcymndstoiie with Bhynconeiia 
avicula (p. MtHf], 

Lower Ludlow formation, csomprUrtng Aymeatry Umeitone and 
Ludlow fdiale, with oldest known fish remains (p. 551). 
Wenlock limestone, with tritobites, kc, (p. 553). 

Wenlock shale, with graptoUtes (p. 555). 

1 Woolhoyie limestone and grit (p. 566). 

! jPoreipa—Niagapa limestone, with Caljfmene, Homalonotu*^ kv. 

' (p. 666). 

Upper Llandovesj, comprising Tarannon shale and 
May-hifl sandstone ana limestone, with Pentameru* Uttriit, 
»• &c. (p. 656). 

BCXBBZill / Lower Llandovery slates (p. 657). 

MUATRIAM I Clinton group of America, with Peniamerus la vis, Ac. 

(p. 667). 

Silurian strata of Russia, with Pentamerut (p. 665). 

; Caradoc and Balabeds, with Trinuclrntt Ckiractaci, Ac. 

tp. 558). 

Llandcilo flags, with graptolitcs and interstratifled volcanic 
tuffs (p. 660). 

f Lower Llandeilo or Arenig formation, with DUlymograpsua 
I geminita, and interstratifled volcanic tuffs (p. 

[ UnguHte orObolus grit of Russia (p. 565). 

Hudson river group and Trenton limestone of North .\merica, 
with Trin’icleua, Ac., and Black River limestone, with large 
l Orthoceran (p. 667). 

Orthoceras limestone of Sweden (p. 567). 
i Tremadoc slates, with trilobites of genera, partly 

Silurian, jiartly “ primordial of Barrande ” (p. 671). 

Lingula flags with Lingula Laviaii (p. 672). 

) Foreign— '' Primordial ” zone of Bohemia, with trilobites of the 
genera Paradoridea, Ac. (p. 669). 

Alum schists of Sweden and Norway (p. 576L 
Potsdam sandstone, with Dikelocephalua and OboUlla (p. 576) 
Quebec group with mixed fauna, resembling that of Lowei 
Llandcilo and Tremadoc groups (p. 578). 

I BnY/M— Harlech grits, with ArenicoHtea aparaua, Ac. (p. 673). 

/ Llanlieris slates, with zoophytes {Ohlhamia) {p, 574). 
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CPPXB 
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I /’orc/pn— Iluronlan seria* of Canada (p. 578). 

Fundamental gneiss of the Hebrides ? (p. 580). 
Hypersthene rocks of Skye P (p. 679). 

' Fbrtf/pa—Labradorite series north of the river St. Lawrence it 
Canada (p. 179). 

Adirondack mountains of New York (p. 179). 


j Wanting. (?) 

/ Bi*dsof gneiss and quartzite, with interstratifled lime 

] stones, in one of which, l.ooo feet thick, occurs a foraminit'er 
TIAiy L'ozoott Canadenae, the oldest known fossil (p, 579). 
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CHAPTER X. 

KECENT AND POST-PLIOCENE PERIODS, 

Recent and Post-pliocene periods — Terms defined — Formations of the Recent 
period — Modem littoral deposits containing works of art near Naples — Danish 
peat and shell mounds — Swiss lake-dwellings — Periods of stone, bron*©, and 
iron — Form of human skulls of the Recent iniriod — Pust-pliocene formations— 
Coexistence of man with extinct mammalia — Higher and Lower-level Valle/- 
gravels — Loess or inundation mud of the Nile, Rhine, &c. — Antiquity of Post- 
pliocene Lake-terraces m Switzerland — Upraised marine strata in Sardinia — 
Origin of caverns — Remains of man and extinct quadrupeds in cavern deponits 
— Cave of Kirkdale — Reindeer period of south of Franco — Australian cavo- 
hreccias — Geographical relationship of the provinces of living vertebrata and 
those of extinct Post-pliocene species— Extinct siruthious birds of New Zealand 
— Fluctuations of climate in Post-glacial period — Comparative longevity of 
8]>ecies in the mammalia and testacca — Teeth of Recent and Post-pliocene 
mammalia. 

From the general tables, given at the end of the last chapter, the 
reader will have learnt that the uppermost or newest strata arc 
called Post- tertiary, as being more modern than the Tertiary. It 
will also be observed that the Post- tertiary formations are divided 
into two subordinate groups ; the Recent, and Post-pliocene. In 
the former, or the Recent, the mammalia as well as the shells are 
identical with species now living ; whereas in the Post-pliocene a 
part, and often a considerable part, of the mammalia belong to ex- 
tinct species. To this nomenclature it may be objected that the term 
Post-pliocene should in strictness include all geological monuments 
posterior in date to the Pliocene ; but when I have occasion to speak 
of the whole collectively, I shall call them Post-tertiary, and reserve 
the term Post-pliocene for the older Post-tertiary formations, while 
the Upper or newer ones will be called “ Recent.” 

Cases will occur where it may be scarcely possible to draw the 
boundary line between the Recent and Post-pliocene deposits ; and 
we must expect these difficulties to increase rather than diminish 
with every advance in our knowledge, and in proportion os gaps are 
filled up in the series of records. 

In 1839 I proposed the term Pleistocene as an abbreviation for 
Newer Pliocene, and it soon became popular, having been adopted by 
the late Edward Forbes in his admirable essay on “ The Geological 
Relations of the existing Fauna and Flora of the British Isles but 
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be Applied the term almost preciselj in the sense in which I shall 
use Fost-pliocene in this yolume, and not as short for Newer Plio- 
cene. In order to prevent confusion, I think it best entirely to 
abstain from the use of Pleistocene in this work, for I dnd that the 
introduction of such a fourth name (unless restricted solely to the 
older Post-tertiary formations) must render the use of Pliocene, 
in its original extended sense, impossible, and it is often almost 
indispensable to have a single term to comprehend both divisions 
of the Pliocene period.^ 


RECEKT PERIOD. 

It was stated in the sixth chapter, when I treated of denudation, 
that the dry land, or that part of the earth's surface which is not 
covered by the waters of lakes or seas, is generally wasting away by 
tJje incessant action of rain and rivers, and in some cases by 
the undermining and removing power of waves and tides on the sea 
coast. But the rate of waste is very unequal, since the level and 
gently sloping lands, where they are protected by a continuous 
covering of vegetation, escape nearly all wear and tear, so that they 
may remain for ages in a stationary condition, while the removal of 
matter is constantly widening and deepening the intervening ravines 
and valleys. 

The materials, both fine and coarse, carried down annually by 
rivers from the higher regions to the lower, and deposited in succes- 
sive strata in tlie basins of seas and lakes, must be of enormous 
volume. We are always liable to underrate their magnitude, be- 
cause the accumulation of strata is going on out of sight. 

There are, however, causes at work which, in the course of cen- 
turies, tend to render ^visible these modern formations, whether of 
marine or lacustrine origin. For a large portion of the earth’s 
crust is always undergoing a change of level, some areas rising and 
others sinking at the rate of a few inches, or a few feet, perhaps 
sometimes yards, in a century, so that spaces which were once 
subaqueous are gradually converted into land, and others which 
were high and dry become submerged. In consequence of such 
movements we find in certain regions, as in Cashmere for example, 
where the mountains are often shaken by earthquakes, deposits 
which were formed in lakes in the historical period, but through 
which rivers have now cut deep and wide channels. In lacustrine 
strata thus intersected, works of art and freshwater shells are seen. 
In other districts on the borders of the sea, usually at very moderate 
elevations above its level, raised beaches occur, or marine littoral 
deposits, such as those in which, on the borders of the Bay of Baiee, 

* If geologists still think it convenient the somewhat vague manner in which it 
to retain the term Pleistocene, I would was applied by Edward Forbes, but in 
recommend them to use it not in the place of Fost-pliocene fis this term is de* 
sense originally proposed by me, nor in fined in the present work. 
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near Naples^ the well-known temple of Serapis was embedded. In 
that caae the date of the monuments buried in the marine strata is 
ascertainable, but in manj other instances, the exact age of the re- 
mains of human workmanship is uncertain, as in the estuarj of 
the Clyde at Glasgow, where many canoes have been exhumed, with 
other works of art, all assignable to some part of the recent period* 

On the coast of Cornwall, at Pentuan, near St, Austell, and at 
Camon in the same county, at the depth of 53 feet, human skulls 
have been met with beneath marine strata, in which the bones of 
whales, and of several land quadrupeds, all of living species, were 
embedded. 

Danish peat and shell mounds^ or kiichen^middens. Sometimes 
we obtain evidence, without the aid of a change of level, of events 
which took place in pre-historic times. The combined labours, for 
example, of the antiquary, zoologist, and botanist have brought to 
light many monuments of the early inhabitants buried in peat- 
mosses in Denmark. Their geological age is determined by the fact 
that, not only the contemporaneous freshwater and land shells, but 
all the quadrupeds, found in the peat, agree specifically witli those 
now inhabiting the same districts, or which are known to have been 
indigenous in Denmark within the memory of man. In tlie lower beds 
of peat (a deposit varying from 20 to 30 feet in thickness), weapons 
of stone accompany trunks of the Scotch fir, Pinus sylvestrisy while 
in the higher portions of the same bogs, bronze implements are 
associated with trunks and acorns of the common oak. It appears 
that the pine has never been a native of Denmark in historical 
times, and it seems to have given place to the oak about the time 
when articles and instruments of bronze superseded those of stone. 
It also appears that, at a still later period, the oak itself became 
scarce, and was nearly supplanted by the beech, a tree which now 
flourishes luxuriantly in Denmark. Again, at the still later epoch 
when the beech tree abounded, tools of iron were introduced, and 
were gradually substituted for those of bronze. 

On the coasts of the Danish islands in the Baltic, certain mounds, 
called in those countries “Kjokken-modding,’* or “kitchen-middens,** 
occur, consisting chiefly of the castaway shells of the oyster, cockle, 
periwinkle, and other eatable kinds of mollusks. These mounds are 
from 3 to 10 feet high, and from 100 to 1000 feet in their longest 
diameter. They greatly resemble heaps of shells formed by the Red 
Indians of North America along the eastern shores of the United 
States. In the old refuse-heaps, recently ^udied by the Danish 
antiquaries and naturalists with great skill and diligence, no imple- 
ments of metal have ever been detected. All the knives, hatchets, 
and other tools, are of stone, horn, bone, or wood. With them are 
often intermixed fragments of rude pottery, charcoal and cinders, 
and the bones of quadrupeds on which the rude people fed. These 
bones belong to wild species still living in Europe, though some of 
them, like the beaver, have long been extirpated in Denmark. The 
only which they seem to have domesticated was the dog. 
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As there is an entire absence of metallic tools, these refuse-heaps 
are referred to what is called the age of stone, which immediately 
preceded in Denmark the age of bronze — a race more advanced in 
civilisation, armed with weapons of that mixed metal, having appa- 
rently invaded Scandinavia, and ousted the aborigines.* 

Lacustrine habitations of Switzerland , — In Switzerland a different 
class of monuments, illustrating the successive ages of stone, bronze, 
and iron, has Ixjen of late years investigated with great success, and 
e^ipecinlly since 1854, in which year Dr. F. Keller explored near the 
shore at Meilen, in the bottom of the lake of Zurich, the ruins of 
an old village, originally built on numerous wooden piles, driven, at 
some unknown period, into the muddy bed of the lake. Since then 
a great many other localities, more than a hundred and fifty in all, 
have been detected of similar pile-dwellings, situated near the bor- 
ders of the Swiss lakes, at points where the depth of water does not 
exceed 15 feet.f The superficial mud in such cases is filled with 
various articles, many hundreds of them being often dredged up 
from a very limited area. Thousands of piles, decayed at their 
upper extremities, are often met with still firmly fixed in the mud. 

Herodotus relates that in the time of Darius (about 520 b.c.) 
there existed a similar settlement in the middle of Lake Prasias 
(probably now Lake Takinos), in Poeonio, or in the modern Turkish 
province of Roumelia. “The houses,” he says, “were built on a plat- 
form of wood supported by wooden stakes, and a narrow bridge, 
which could be withdrawn at pleasure, communicated with the 
shore.” J “ When man,” says Morlot,§ “thus stationed his dwellings 
on piles, all the refuse of his industry and of his food were naturally 
thrown into the lake, and were often well preserved in the mud at 
the bottom. If occasionally such establishments were burnt, whether 
intentionally by the enemy, or by accident, a vast quantity and 
variety of articles, including some of great value, would sink to the 
bottom of the waters. Such aquatic sites were probably selected as 
places of safety, since, wiien the bridge was removed, they could 
only be approached by boats, and the water would serve for protec- 
tion alike against wnld animals and human foes.” 

As the ages of stone, bronze, and iron mei'ely indicate successive 
stages of civilisation, they may all have coexisted at once in different 
parts of the globe, and even in contiguous regions, among nations 
having little intercourse with each other. To make out, therefore, 
a distinct chronological series of monuments is only possible when 
our observations are confined to a limited district, such as Switz- 
erland ; and the distinctness of date becomes more striking when a 
settlement like that of Moosseedorf, near Berne, belonging exclusively 

* See the works of Nilsson, Thom- I860; and Antiquity of Man, by the 
sen. Warsaae, Steenstrup, and others. Author, ch, ii. 

t See the works of MM. Troyon J Herod., v. 16. 

and Keller, and M. Morlot’s sketch of § General Views of Archteology, by 

these researches. Bulletin de la Societe Morlot, Memoirs of Smithsonian In- 

Vaudoise des Sci. Nat., t. vi., Lausanne, stitution, 1861. 
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to the ftge of stone, is sarronnded hy h great many others all re- 
ferable to the period of bronxe. The number of objects found at 
Moosseedorf exceeds two thousand, among which no metallic ones 
were observed* At Wangen, on the Lake of Constance, more than 
1300 articles of stone, bone, and pottery were collected, without 
the intermixture of a single utensil, instrument, or ornament of 
bronze. In other lakes, as in those of Bienne and Geneva, there 
are settlements where the number of bronze articles is equally 
numerous, with a very slight admixture of weapons of stone. 

The relative antiquity of the pile-dwellings, which belong re8f)ec‘- 
tively to the ages of stone and bronze, is also clearly illustrated by 
the association of the tools w^ith certain groups of animal remains. 
Where the tools .are of stone, the castaway bones which served for 
the food of the ancient people are those of deer, the wild boar, 
and wdld ox, w^hich abounded when society was in the hunter state. 
But the bones of the later or bronze epocli w^ero chiefly those of 
the domestic ox, goat, and pig, indicating progress in civilisation. 
Some villages of the stone age are of later date than others, and 
exhibit signs of an improved state of the arts. Among their relics 
are discovered carbonised grains of wheat and barley, and pieces of 
bread, proving that the cultivation of cereals had begun. lu the 
same settlements, also, cloth, made of woven flax and straw, has been 
detected. 

To the Swiss pile-buildings of the bronze uge belong manufac- 
tured objects which display a very decided superiority in beauty of 
form, and ornamentation, when contrasted with those of the ante- 
cedent age of stone. In one village at Nidau, on the lake of Bienne, 
n great number of axes, lances, sickles, fish-hooks, and bracelets, 
altogether nearly two thousand articles, have been obtained, and 
with them some few implements of stone. These last, dredged up 
from the same site, may perhaps have been used simultaneously ; or 
possibly the same village, founded in the age of stone, may have 
continued to flourish in the succeeding period of bronze.* The 
pottery of the bronze age in Switzerland is of a finer texture, and 
more elegant in form, than that of the age of stone. At Nidau, 
articles of iron have also been discovered, so that this settlement 
was evidently not abandoned till that metal had come into use. 

At La Thene, in the northern angle of the lake*of Neufchatel, a 
great many articles of iron have been obtained, which in form and 
ornamentation are entirely different both from those of the bronze 
period and from those used by the Romans. Graulish and Celtic 
coins have also been found there by MM. Schwab and Desor. They 
agree in character with remains, including many iron swords, which 
have been found at Tiefenau, near Berne, in ground supposed to 
have been a battle-field ; and their date appears to have been anterior 
to the great Roman invasion of Northern Europe, though perhaps 
not long before that event. f 

* Mr- J. Lubbock’s Lecture, Royal Institution, Feb. 27th, 1863. 

f Lubbock, ibid. 



112 BBOKZS OB THE AITCIEKTS. tCm. X. 

The |>eriod of bronze must have been one of foreign commerce^ 
as tin^ which enters into this metallic mixture in the proportion of 
about ten per cent, to the copper, was obtained by the ancients 
chiefly from Cornwall. From that country it is supposed to have 
been supplied at one time by the Phoenicians to the Greeks, as well 
as to all the inhabitants of the eastern shores of the Mediterranean. 
Even the tin said to have come from Iberia, or Spain, is imagined 
by many antiquaries to have been first shipped from the Cassiterides, 
or Cornwall, to Cadiz.* At a later period we learn from Diodorus 
that ingots of tin were shipped from Iktis, or St. Michaers Mount, 
in Cornwall, and conveyed over the channel to the opposite coast, and 
thence on the backs of horses across Gaul, in about thirty days, to 
Massilia or Marseilles, from whence the Romans obtained it.f 

The Greeks are described by Homer in the Iliad as armed with 
^aXifoc, usually translated brass, which is now ascertained, by a pre- 
cise analysis of ancient Greek armour and coins, to have consisted 
not of copper and zinc, but of copper and tin, or what we now call 
bronze. Contemporaneously with bronze, iron was also in use among 
the ancients, even from very remote times ; but so long as the art of 
making steel by blending iron in certain chemical proportions with 
carbon was unknown, or still in its infancy, bronze seems to have 
competed successfully with iron in the construction of all cutting 
implements. The best definition, perhaps, of the age of iron yet pro- 
posed, is that which describes it as the period when this metal had, 
for the most part, superseded bronze in all instruments requiring a 
sharp cutting edge. It is remarkable that in Herculaneum and 
Pompeii, which were buried under the ashes of Vesuvius in the year 
79, nearly a thousand years after Homer’s time, the prevailing metal 
of which the agricultural, culinary, and even the surgical instruments 
are made was bronze ; although articles of iron are by no means 
wanting among the relics found in those ancient cities. In Tran- 
sylvania and Hungary, according to Keller, an age of copper in- 
struments intervened between that of stone and bronze. 

In estimating the degree in which iron and bronze prevailed in 
prehistoric ages, we are in some danger of being misled by the great 
durability of the one metal, and the facility with which the other, or 
the iron, is decomposed. But if iron be corroded in large quantities 
by oxidation, it would usually betray itself to the geologist by acting 
as a cement, and binding together the particles of sand, gravel, mud, 
and shells in which it lay. A cylindrical coating of such materials 
has sometimes been found encircling cannon and gun-barrels, the 
further corrosion of which seems to have been arrested by such an 
envelope4 

Human remains of the recent period , — Very few human bones 
of the bronze period have been met with in the Danish peat, or in 

* Sir G. Cornwall Lewis, Astronomy np in Falraonth Harbour. Royal In- 
of the Atjcients, ch. viii. stitution of Cornwall, 1863. 

t Diodorus, v. 21, 22., and Sir H. J See Lyell^s Principles of Geology, 
James, Kote on Blodi of Tin dredged 9th ed. p. 760. 
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the Swiss lake-dwelU&gs, mnd this scarcit 7 is generally attributed 
by archeologists to the custom of burning the dead^ which prevaile<l 
in the age of bronse. In the antecedent era of stone, the primitive 
population of the North are said to have buried their dead in sepul- 
chral vaults, carefully constructed of large undressed blocks of stone. 
From such burial-places many skulls have been obtained by Scandi- 
navian ethnologists, which show that the ancient race had small 
heads, remarkably rounded in every direction, but with a facial angle 
tolerably large, and a well -developed forehead* (See figure 104,) 
Similar skulls have, according to Retzius, been disco vertKl in France* 
Ireland, and Scotland, and they are so like those of the modern Lap- 
landers, as to have suggested the idea that the latter were the last sur- 
vivors of the stone period in the north of Eurof>e. The Laplanders 
have usually been considered as an extreme branch of the Mongolian 
race. 

The cranial type of the bronze age is not yet well known, but 
with the introduction of iron, the custom of burying the dewcl was 
resumed, and with it a new form of skull appears, resembling that 


Fig. 104. 


Fig. 105. 



Brachvcft>1»alou« type of the njre of stone 
of the recent period in Denmark. 



now-a-days most common in Europe. As seen in fig. 105., it is 
elongated fore and aft, has a forehead somewhat retreating, and 
corresponds with what is often called the Celtic type.* 


POST-PLIOCENE PEKIOD. 

From the foregoing observations we may infer that the ages of 
iron and bronze in Northern and Central Europe v^re preceded by 
a stone age, referable to the recent division of the post-tertiary 
epoch, as determined by the organic remains which accompany the 
stone implements. But memorials have of late been brought to light 
of a still older age of stone, w’hen man was contemporary in Europe 
with the elephant and rhinoceros, and various other animals, of 
which many of the most conspicuous have long since died out. The 


* Morlot, ibid. 
I 
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alltiTial and marine deposits of this remoter age, the earliest to which 
anj vestiges of man have yet been traced back, belong to a time 
when the physical geography of Europe differed in a more marked 
degree from that now prevailing than during the later part of the 
post-tertiary period, when the valleys and rivers coincided almost 
entirely with those by which the present drainage of the land is 
carried on, and when the peat-mosses were the same as those now 
growing. So, also, the situation of the shell-mounds and lake- 
dwellings above alluded to is such as to imply that the topography 
of each district where they are observed has not subsequently under- 
gone any material alteration. In some exceptional coses, it is true, 
a marked change has been brought about by the rising or sinking of 
tlie earth's crust in the neighbourhood of the sea, so that raised 
beaches occur at moderate heights rarely exceeding twenty-five feet 
above liigh-water mark ; or in other places submerged forests are 
seen at low water, skirting the coasts ; and wo may take for granted 
that similar or even greater movements have been experienced far 
inland within the same era, although we cannot recognise them, or 
appreciate their magnitude, for want of a standard of measurement 
such as that which the contiguity of the ocean aflTords. These 
movements, whether upward or downward, have affected somewhat 


Fig. 106. 



Rfcent and Poit>pliocenr aliurial deposit i. 


I. Peat of the recent period, 
a. Grayel of mo<lern river, 
y. Loam or brlck-^urth (loess) of same 
ai^e as a, formed by inundations of 
the river, 

8. Lower«level vaUey-gravel with extinct 
mammalia ())Ost. pliocene). 
y. Loam of same age. 


4. Higher level valley-gravel (post-plio- 

cene). 

4\ Loam of Mme age. 

5. Upland gravel of various kinds and 
periods, consisting in some places of 
UDStratlfied boulder clay or glacial 
dria. 

6. Older rocks. 


unifonnly very wide areas, so as not greatly to derange the local 
features of such an extent of country as the eye can embrace at one 
view. But we no 8(X)ner examine the post-pliocene formations in 
which the remains of so many extinct mammalia are found, than we 
at once perceive a more decided discrepancy between the former and 
present outline of the surface. Since those deposits originated, 
changes of considerable magnitude have been effected in the depth 
and width of many valleys, as also in the direction of the superficial 
and subterranean drainage, and, as is manifest near the sea-coast, in 
the relative position of land and water. In the annexed diagram, 
(fig. 106.) an ideal section is given, illustrating the different position 
which the recent and post-pliocene alluvial deposits occupy in many 
European valleys. 
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The peat No. 1 bas been found in a low part of the modern allu- 
vial plain^ in parts of which gravel No. 2 of the recent period is 
seen. Over this giavel the loam or fine sediment 2 ' has in many 
places been deposited by the river during floods which covered 
nearly the whole alluvial plain. 

No. 3 represents an older alluvium, composed of sand and gravel, 
formed before the valley had been excavated to its present depth. 
It contains the remains of fluviatile shells of living species associated 
with the bones of mammalia, in part of recent and in part of ex- 
tinct species. Among the latter, the mammoth {E\ primigenius) 
and Siberian rhinoceros {R, tichorhimis) are the most common in 
Europe. No. 3' is a remnaut of the loam or brick earth by which 
No. 3 was overspread. No. 4 is a still older and more elevated 
terrace, similar in its composition and organic remains to No. 3, and 
covered in like manner with its inundation mud, 4'. Often there is 
only one of these valley gravels of older date, and occasionally there 
are more than two^ marking as many successive stages in tlie exca- 
vation of the valley. They usually occur at heights varying from 
10 to 100 feet, sometimes on the right and sometimes on the left side 
of the existing river-plain, but rarely in great strength on exactly 
opposite sides of the valley. 

Among the genera of extinct quadrupeds most frequently met 
with in England, France, Germany, and other parts of Europe, are 
ElephdSy Rhinoceros, Hippopotamus, Equus, Megaccros, Ursus, 
Felts, and Hycena. In the peat No. 1 (fig. 106.) and in the more 
modern gravel and silt (No. 2), works of art of the ages of iron and 
bronze, and of what we may call the “ later stoiie period,” already 
described, are met with. In the more ancient gravels, 3 and 4 (fig. 
106.), there have been found of late years in several valleys in Franco 
and England, as, for example, in those of the Seine and Somme, and 
of the Thames, and Ouse, near Bedford, stone kiipleraents of a rude 
type, showing that man coexisted in those districts with the elephant 
and other extinct quadrupeds of the genera above enumerated. 

Several geologists had come to the conclusion, about the close of 
the last and beginning of the present century, that certain human 
remains embedded in the mud and breccia of caves were as old as 
the extinct mammalia with which they were associated. But the 
evidence of suck high antiquity was not generally received as satis- 
factory, seeing that so many caves had been inhabited by a Huccession 
of tenants, and selected by man as places both of domicile and of 
sepulture, while suites of caverns have also ser^d as the channels 
through which underground rivers have flowed ; so that the remains 
of living beings which peopled the district at more than one era 
may, at a later date, have been mingled and confounded together in 
one and the same deposit. But in 1847, M. Boucher do Perthes 
observed in an ancient alluvium at Abbeville, in Picardy, the bones 
of extinct mammalia associated in such a manner with flint imple- 
ments of a rude type as to lead him to infer that both the organic re- 
mains and the works of art were referable to one and the same period. 
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Tbii inference, though queationed for a time, was Boon confirmed by 
fVesh obserirationfl made by Dr. Rigollot, at Amiens, and all doubts 
were finally cleared up in 1859, by Mr. Prestwich, who found a flint 
tool in situ in the same stratum at Amiens that contained the remains 
of extinct mammalia. Geologists were, moreover, better prepared to 
accept such proofs of the coexistence of man with the ancient fauna 
in conscfiuence of the more exact data obtained from the exploration 
of the Brixham cave in 1860, to be mentioned in the sequel. 

The flint implements found at Abbeville and Amiens are most of 
them considered to be hatchets and spear-heads, and are different 
from those commonly called “ Celts.” These celt-s, so often found in 
the recent formations, have a more regular oblong shape, the result 
of grinding, by which also a sharp edge has been given to them. The 
Abbeville tools found in gravel at different levels, as in Nos. 3 and 
4, fig. 106., in which bones of the elephant, rhinoceros, and other 
extinct mammalia occur, are always unground, having evidently 
been brought into their present form simply by the chipping off of 
fragments of flint by repeated blows, such as could be given by a 
stone hammer. 

Some of them are oval, others of a spear-headed form, no two 
exactly alike, and yet tlio greater number of each kind are obviously 
fashioned after the same general pattern. Their outer surface is 
often white, the original black flint having been discoloured and 
bleached by exposure to the air, or by the action of acids, as they 
lay in the gravel. They are most commonly stained of the same 
ochreous colour as the flints of the gravel in which they are em- 
bedded. Occasionally their antiquity is indicated not only by their 
colour but by superficial incrustations of carbonate of lime, or by 
dendrites formed of oxide of iron and manganese. The edges also 
of most of them are worn, either by having been used as tools, or by 
having been rolled in the river’s bed. They are usually found at 
depths of from 15 to 25 feet from the surface, in gravel, covered by 
loam, and most of them near the bottom of the gravel, and not far 
from its contact with the subjacent chalk. They are met with not 
only in the lower-level gravels, as in No. 3, fig. 106., but also in No. 
4, or the higher gravels, as at St. Acheul, in the suburbs of Amiens, 
where the old alluvium lies at an elevation of about 100 feet above 
the level of the river Somme. At both levels fluviatile and land- 
shells are met with in the loam as well as in the gravel, but there 
are no marine shells associated, except at Abbeville, in the lowest 
part of the gravel, near the sea, and a few feet only above the 
present high-water mark. Hero with fossil shells of living species 
are mingled the bones of Elephas primigenius and E, antiquus, 
Rhinoceros tichorhinus, Hippopotamus^ Felis speUsa^ Hymna spelcea, 
reindeer, and manyothprs, the bones accompanying the flint imple- 
ments in such a manner as to show that both were buried in the old 
alluvium at the same period. 

Nearly the entire skeleton of a rhinoceros was found at one point, 
namely, in the Menchecourt drift at Abbeville, the bones being in 
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such jaxtapositicm m to show that the oariilage most have held them 
together at the time of their inhomatioo. 

The general absence here and elsewhere of human bones from 
gravel and sand in which flint tools are discovered, may in some 
degree be due to the present limited extent of our researches. But 
it may also be presumed that when a hunter |>opulation, always 
scanty in numbers, ranged over this region, they were too wary to 
allow themselves to be overtaken by the floods which swept away 
many herbivorous animals from the low river-plains where they may 
have been pasturing or sleeping. Beasts of prey prowling about the 
same alluvial flats in search of food may also have been surprised 
more readily than the human tenant of the same region, to whom 
the signs of a coming tempest were better known. 

In the very few instances in which we have good evidence in 
Europe of the occurrence of human remains in post-pUocene 
deposits, exclusive of those in caves, the fossil relics have betm found 
at or near the line of junction of the superficial loam (3', 4', fig. 106.) 
with the underlying gravel. Thus M. Ami Boue, an experienced 
observer, disinterred w'ith his own hands, in the valley of the Rhine 
in 18o3, parts of a human skeleton from the lower portion of a 
deposit of loam or loess 80 feet thick. This discovery was made at 
Lahr, a small town in the Grand Duchy of Baden, nearly opposite 
Strasburg, on the right side of the valley of the Rhine. They were 
shown at the time to ^Cuvier, and recognised by him as human.* 
One of them, a femur, first attracted notice as it projected from a 
perpendicular cliff of loess, forming the lowest of a succession of 
terraces, which had been excavated in the loam by the denuding 
power of the Schutter, a small tributary which at Lahr joins the 
great alluvial plain of the Rhine. The loam in which the bones 
were embedded is similar in mineral character to that of the great 
adjoining plain, and so continuous as to imply that the Rhine once 
flowed up into the valley of its tributary, and filled it to a con- 
siderable height with its muddy sediment, at the time when the 
skeleton was enveloped in it. 

Innndation^mud of rivers, — Brick-earth, — Fhiviatile loam, or loess. 
— As a general rule, the fluviatile alluvia of different ages (Nos. 2, 
3, 4, fig. 106.) are severally made up of coarse materials ia their 
lower portions, and of fine silt or loam in their upper parts. For 
rivers are constantly shifting their position in the valley-plain, 
encroaching gradually on one bank, near which there is deep water, 
and deserting the other or opposite side, wh^e the channel is 
growing shallower, being destined eventually to be converted into 
land. Where the current runs strongest, coarse gravel is swept 
along, and where its velocity is slackened, first sand, and then only 
the finest mud, is thrown down. A thin film of this fine sediment 
is spread, during fioods, over a wide area, on one, or sometimes on 
both sides, of the main stream, often reaching as far as the base of 

* Lyell, Antiqui^ of Man. Appendix 2od and 3rd ed. 
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the blufis or higher grounds which bound the yalley. Of such a de* 
scription are the well-known annual deposits of the Nile, to which 
Egypt owes its fertility. So thin are they, that the aggregate amount 
accumulated in a century is said rarely to exceed ^ve inches, 
although in the course of thousands of years it has attained a vast 
thickness, the bottom not having been reached by borings extending 
to a depth of 60 feet towards the central parts of the valley. 
Everywhere it consists of the same homogeneous mud, destitute of 
stratification — the only signs of successive accumulation being 
where the Nile has silted up its channel, or where the blown sands 
of the Libyan desert have invaded the plain, and given rise to 
alternate layers of sand and mud. 

The general absence of lamination in the loam of the Egyptian 
river-plain is probably owing to the thinness of the layer thrown 
down in a single year, and to its being exposed for eight months 
to drying winds, or the rays of a hot sun. Parts of it are often 
swept in the form of dust from one region to another, and almost 
everywhere the soil is pierced by worms, insects, and the roots of 
plants. Many geologists have been disposed to refer the absence 
of stratification in such formations to the sudden and tumultuous 
action of floods, by which dense masses of mud were thrown down 
rapidly and uninterruptedly ; but I believe that the absence of 
divisional planes or murks of successive depositio;i has arisen, not 
from the want of intermittent action, but because the amount of 
annual deposit has been so slight, and because it has taken place 
on ground not ])ermanently submerged. There may be found in 
deposits of this class examples of every gradation, from a stratified 
to an unstratified condition. 

In European river-loams we occasionally observe isolated pebbles 
and angular pieces of stone which have been floated by ice to the 
places where they now occur ; but no such coarse materials are met 
with in the plains of Egypt. Above and below the first cataract, an- 
cient river terraces composed of fluviatile deposits have been observed 
by Dr. Adams and others at various elevations above the present 
alluvial plain of the Nile. In these old river-formations — some of 
which are 30, others 100, and others several hundred feet above the 
river — fossil shells, identical wdth species now living in the Nile, have 
been found. The probable causes of such alterations in the level of 
the river, and the successive filling up and re-excavation of the same 
hydrographical basin at different periods, will be presently spoken 
of. They are changes of a kind that cannot fail to result from great 
continental movements of subsidence and upheaval, such as we may 
safely assume that Egypt has undergone in the post-tertiary epoch, 
because the eastern shore of the Red Sea on one side, and the great 
desert of the Sahara on the other, have been converted from sea 
into land since the commencement of the Post-pliocene period. 

In some parts of the valley of the Rhine the accumulation of 
similar loam, called in Germany ‘Uoess,” has taken place on an 
enormous scale. Its colour is yellowish-grey, and very homoge- 
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neons ; and Professor Btschoff has ascertained^ by analysis, that it 
agrees in composition with the mud of the Nile. Although for the 
most part unstratified, it betrays in some places marks of stratihca* 
tion, especially where it contains calcareous concretions, or in its 
lower part where it rests on subjacent gravel and sand which 
alternate with each other near the junction. About a sixth part of 
the whole mass is composed of carbonate of lime, and there is usually 
an intermixture of fine quartzose and micaceous saud. 

Although this loam of the Rhine is unsoltdihed, it usually termi* 
nates where it has been undermined by running water in a vertical 
cliff, from the face of which shells of terrestrial, fresliwater and 
amphibious mollusks project in relief. These shells do not imply 
the permanent sojourn of a body of fresh water on the spot, for the 
most aquatic of them, the Succinea^ inhabits marshes and wet grassy 
meadows. The Succinea elongata, (or S. oblonga^) fig. 107., is very 
characteristic both of the loess of the Rhine and of some other 
European river-loams. 

Among the land-shells of the Rhenish loess. Helix plebeia and Pupa 
muscorum are very common. 

Fig. 107. Fig. 108. Fig. KW. 

4-U « 4 

Succinea elongata* Pupa muecorum. Helix plebeia* 

Both the terrestrial and aquatic shells are of most fragile and 
delicate structure, and yet they are almost invariably [jerfect and 
uninjured. They must have been broken to pieces had they l)een 
swept along by a violent inundation. S^ven the colour of some of 
the land-shells, as that of Helix nemoralisy is occasionally preservecl. 

I observed the three fossils above figured in the upper fluviatile 
loam of the 8aale, near Rudolstadt, in Thuringia, a river which falls 
into the Ilm, and belongs to the basin of the Elbe. I have also 
seen loam like that of the Rhine at the Porta Westphalica, near 
Minden, at the height of 500 feet above the river-plain of the Weser, 
in which the same three shells were conspicuous. 

If in some places mollusks of purely aquatic species of such 
genera as Lymnea, Planorbis, and Paludina, occur near the base of 
the loess, they probably indicate ancient ponds and lakes marking 
the course of old deserted river channels, whteh were afterwards 
silted up. 

In parts of the valley of the Rhine, between Bingen and Basle, 
the fluviatile loam or loess now under consideration is several hundred 
feet thick, and contains berp and there throughout that thickness land 
and amphibious shells. As it is seen in masses fringing both sides of 
the great plain, and as occasionally remnants of it occur in the centre 
of the valley, forming hills several hundred feet in height, it seems 
necessary to suppose, first, a time when it slowly accumulated ; and 
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secondly! a later period, when large portions of it were removed, 
or when the original valley^ which had been partialiy filled up with 
it, was re-excavated. 

Such changes may have been brought about by a great movement 
of oscillation, consisting first of a general depression of the land, 
and then of a gradual re-elevation of the same. The amount of 
continental depression which first took place in the interior, must 
be imagined to have exceeded that of the region near the sea, in 
which case the higher part of the great valley would have its alluvial 
plain gradually raised by an accumulation of sediment, which would 
only cease when the subsidence of the land was at an end. If the 
direction of the movement was then reversed, and, during the re- 
elevation of the continent, the inland region nearest the mountains 
should rise more rapidly than that near the coast, the river would 
ac(juire a denuding power sufficient to enable it to sweep away 
gradually nearly all the loam and gravel with which parts of its 
basin had been filled up. Terraces and hillocks of mud and sand 
Avould then alone remain to attest the various levels at which the 
river had thrown down and afterwards removed alluvial matter. 

Post-pliocene lake-terraces in Switzerland. — In Switzerland ter- 
races of drift are found at different levels above the present rivers 
and lakes, which correspond to the older gravels (Nos. 3 and 
4, fig. 10(3.) and they contain the remains of the mammoth, reindeer, 
and other mammalia, many of them extinct or no longer inhabitants 
of Europe ; together with shells, all of them of species still living. 
Skirting the Lake of Geneva are the deltas of numerous torrents 
which bring down mud, sand, and pebbles to the lake, so as to make 
annual additions to the littoral accumulations. If,” says M. Morlot, 

we follow up the course of any of these streams to the height of 
150 feet above the lake, we encounter another and more ancient 
della, about ten times as large, evidently the monument of a more 
protracted period, when the water stood for ages at that higher level, 
and when the physical geography of the country differed consider- 
ably from that now established. 

One of the deltas of transported matter, or, as M. Morlot styles 
them, flattened cones, is seen at the mouth of the Tiniere, a torrent 
which enters the lake ou its south side, near Villeiieuve. Its internal 
structure lias been laid open by a railway cutting, which has exposed 
to view three layers of vegetable soil, each of which has once 
formed the surface of the delta. For that part of the cone which is 
above the level of the lake is for the most part covered with vege- 
tation, as are generally the higher and unsubmerged parts of all 
river deltas. The uppermost of these old buried soils, about five 
feat deep from the present surface, contained Roman tiles and a coin ; 
in the soil next below, six inches thick aqd ten feet from the surface, 
were found pottery and instruments of the bronze epoch ; and in 
the third soil, which was half a foot thick and nineteen feet deep, 
pottery, pieces of charcoal, bones, and a human skeleton having a 
small, round, and very thick skuU, of the brachycephalous type, (fig. 
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104., p, 113.). M. Morlot estimates the Roman relics aa about seven- 
teen oeatnries old, those of the bronae age between 3000 and 4000 
years, and those of the stone period from 5000 to 7000 years* To 
the entire delta he ascribes an antiquity of about 10,000 years, 
while he coujectutges that the higher cone or delta, which is ten 
times as large, may have taken about 100,000 years for its formation. 
It contains, as above stated, the remains of the mammoth, and is 
probably contemporaneous^ in the geological sense of the term, with 
the gravels of Amiens and Abbeville, from which so many flint 
implements of an antique type have been extracted. The above 
calculation does not pretend to be more than a rude approximation 
to the truth. Ancient as are the upper terraces wlien compared to 
historical times, they are certainly post-glacial, or more modern than 
the glacial period, which will be treated of in the next chapter. In 
other words, the Alpine glaciers had already shrunk nearly into 
their present contracted limits before even the higher deltas, con- 
taining the mammoth bones, were formed. 

Upraised marine strata with potterif in Sardinia, — The most 
elevated marine strata of the Post- pliocene period in Europe, in 
which articles of human workmanship have yet been noticed, are 
those observed on the south coast of Sardinia, near Cagliari, so 
well described by Count Albert do la Marmora. They consist of a 
breccia, containing fragments of limestone and numerous shells of 
living Mediterranean species, such as the eatable oyster and mussel, 
with both valves united. Among these shells, pieces of pottery of a 
very rude kind are dispersed. They are traceable to a height of 
300 feet above the sea. In the vegetable soil covering such marine 
strata, fragments of a more modern or Roman pottery have been 
found; There are also in the rocks of the same district numerous 
Assures filled with breccia, containing the remains of terrestrial 
quadrupeds, some of them of extinct species. These breccias, 
although very ancient, as shown by the mammalian bones, are more 
modern than the marine post-pliocene strata with pottery above- 
mentioned, for some of the shells, the Mytilus edulis for example, 
washed out of the older foimation, have been mingled in the fissures 
with bones of the extinct quadrupeds.^ 

There are examples in Europe of marine strata characterized in 
like manner by embedded shells of living species which reach eleva- 
tions far exceeding those of Cagliari, but in which no human bones 
or works of art have yet been discovered. ^ 

CAVERN DEPOSITS CONTAINING HUMAN BEMflNS AND BONES OF 
EXTINCT ANIMALS. 

In England, and in almost all countries where limestone rocks 
abound, caverns are found, usually consisting of cavities of large 
dimensions, connected together by low, narrow, and sometimes 


* Lyell’s Antiquity of Man, p. 177. 
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tortuous galleries or tunnels. These subterranean vaults are usually 
filled in part with mud, pebbles, and breccia, in which bones occur 
belonging to the same assemblage of animals as those characterising 
the post- pliocene alluvia above described. Some of these bones are 
referable to extinct and others to living species, and they are occar 
sionally intermingled, as in the valley gravels, with implements of 
one or other of the great divisions of the stone age, and these are 
not unfrequently accompanied by human bones, which are much 
more common in cavern deposits than in valley alluvium. 

Each suite of caverns, and the passages by which they communi- 
cate the one with the other, afford memorials to the geologist of at 
least three successive phases through which the physical geography 
of the country where they occur must have passed. First, there was 
a period when limestone rocks were dissolved on a great scale, and 
when the carbonate of lime was carried out gradually by springs 
from the interior of the earth ; secondly, an era when engulfed 
rivers or occasional floods swept organic and inorganic debris into 
the subterranean hollows previously formed ; and thirdly, there were 
such changes in the configuration of the region as caused the en- 
gulfed rivers to be turned into new channels, and springs to be 
dried up, after which the cave-mud, breccia, gravel, and fossil 
bones would boar the same kind of relation to the existing drainage 
of the country as the older valley drifts with their extinct mam- 
malian remains and works of art bear to the present rivers and 
alluvial plains. 

In the first of the periods above supposed the operations are en- 
tirely subterranean. We know that in every limestone district the 
rain water is soft or free from earthy ingredients when it falls upon 
the soil, and when it enters the rocks below, whereas it \%-hard, 
or charged with carbonate of lime, when it issues again to the sur- 
face in springs, which, by failing after long droughts, and by in- 
creasing in volume after rainy seasons, betray their dependence for 
a supply of water on atmospheric sources. The rain derives some 
of its carbonic acid from the air, but much more from the decay of 
vegetable matter in the soil which it percolates, and by the excess 
of this acid, limestone is dissolved, and the water becomes charged 
with carbonate of lime. The mass of solid matter silently and un- 
ceasingly subtracted in this way from the rocks in eveiy century is 
considerable, and must in the course of thousands of years be so vast 
that the space it once occupied may well be expressed by a long suite 
of caverns. The varying size and shape of these will determined 
by innumerable local accidents, such as the direction of pre-existing 
rents and faults, or tlie unequal purity and consequent solubility of 
the limestone in different strata, or in different parts of the same 
stratum. 

If there be a series of convulsions and movements of upheaval and 
depression, during which old valleys are gradually deepened and 
widened, or new ones formed, accompanied by the rending of rocks 
in many places, the surface drainage may in time be so altered that 



Cb. X.] 


OBiaiN OP THE STALACTITE, 


123 


streams sweeping along angular and rounded stones may break into 
cavities once having no such connexion with the surface. Such 
streams may introduce fine mud, or^ angular and rounded pebbles 
and land'Shells, with portions of skeletons of various quadrupeds, or 
of man, together with fragments of works of art, and fill up a large 
part of the underground rents, gallories, and chambers with hetero* 
geneous materials. The whole of these may sometimes be united 
into solid breccias and conglomerates by stalactitic infiltrations. 

In the descriptions given of violent earthquakes we read of the 
sudden appearance of new fissures several feet wide, often of great 
depth, and some of which remain pennanently open. Wild animals 
chased by beasts of prey fall into such natural pit-falls ; the pursued 
and the pursuer perishing together. Their bones, during the slow 
decay of the carcase, may be carried separately into subterranean 
vaults, or many of them still bound together by ligaments ; even 
entire skeletons may sometimes be washed into caves and be there 
preserved. 

The quarrying away of large masses of Carboniferous and Devo- 
nian limestone, near Li^ge, in Belgium, has afforded the geologist 
magnificent sections of some of these caverns, and the former com- 
munication of cavities in the interior of the rocks with the old sur- 
face of the country by means of vertical or oblique fissures, has l>een 
demonstrated in places where it would not otherwise have been 
suspected, so completely have the upper extremities of these fissures 
been concealed by superficial drift, while their lower ends, which 
extended into the roofs of the caves, are masked by stalactitic 
incrustations. 

The origin of the stalactite is thus explained by the eminent 
chemist Liebig. On the surface of Franconia, where the limestone 
abounds in caverns, is a fertile soil, in which vegetable matter is 
continually decaying. This mould or humus, being acted on by 
moisture and air, evolves carbonic acid, which is dissolved by rain. 
The rain water, thus impregnated, permeates the porous limestone, 
dissolves a portion of it, and afterwards, when the excess of carbonic 
acid evaporates in the caverns, parts with the calcareous matter, and 
forms stalactite. Even while caverns are still liable to be occa- 
sionally fiooded such calcareous incrustations accumulate, but it is 
generally when they are no longer in the line of drainage that a 
solid floor of hard stalagmite is formed on the bottom. On the 
whole, the circumstances under which an organic body is usually 
introduced into a cave are far more favourablfe to its preservation 
than those which accompany its envelopment in valley-alluvium ; 
for where the mud or stones are connected together by carbonate of 
lime, the free percolation of water, and consequent decay and re- 
moval of the bones or shells, are arrested. 

The late Dr. Schmerling examined forty caves near Lifege, and 
found in all of them the remains of the same fauna, comprising 
the mammoth, tichorhine rhinoceros, cave-bear, cave-hyasna, cave- 
lion, and many others, some of extinct and some oi living species. 
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and in all of them flint implements. In four or five caves only parts 
of haman skeletons were met with, comprising sometimes skulls with 
a few other bones, sometimes nearly every part of the skeleton except 
the skulL In one of the cavesf that of Engihoul, where Schmerling 
had found the remains of at least three human individuals, they were 
mingled in such a manner with bones of extinct mammalia, as to 
leave no doubt on his mind of man having coexisted with them. 

In 1860, Professor Malaise, of Lii;ge, explored with me this same 
cave of Engihoul, and beneath a hard floor of stalagmite we found 
mud full of the bones of extinct and living animals, such as Scbmer- 
ling had described, and my companion persevering in his researches 
after I had returned to England, extracted from the same deposit 
two human lower jaw-bones retaining their teetli. The skulls from 
these Belgian caverns display no marked deviation from the normal 
European type of the present day. One of them^ for example, 
obtained by Schmerling from the Engis cave, situated on the left 
bank of the Meuse, is now preserved in the museum of the Uni- 
versity of Liege, and agrees with the long-headed type (fig. 105., 
p. 113.), and not with the short round form which seems, in Scan- 
dinavia at least, to have been the more ancient of the two. 

The careful investigations carried dn by Dr. Falconer, Mr. 
Pengelly, and others, in the* Brixham cave near Torquay, in 1858, de- 
monstrated that flint knives were there embedded in such a manner 
in loam underlying a floor of stalagmite as to prove that man had 
been an inhabitant of‘ that region when the cave-bear and other 
members of the ancient post-pliocene fauna were also in existence. 

The certainty of the data on which this conclusion was founded 
had no small influence hi inducing many English and French geolo- 
gists to appreciate more justly the opinion at which M. Boucher de 
Perthes had arrived after his researches at Abbeville before men- 
tioned, which were still regarded by the scientific public in general 
with scepticism and suspicion. 

The absence of gnawed bones had led Dr. Schmerling to infer 
that none of the Belgian caves which he explored had served as the 
dens of wild beasts ; but there are many caves in Germany and Eng- 
land which have certainly been so inhabited, especially by the 
extinct hyssna and bear. 

A fine example of a hyaena’s den was afforded by the cave of 
Kirkdale, so well described by the late Dr. Buckland in his Reliquice 
Diluvianm. In that cave, about twenty-five miles NNE. of York, 
the remains of about 300 hya3na8, belonging to individuals of every 
age, were detected. The species {Hycena spelma) is extinct, and 
was larger than the fierce Hyaena crocuta of South Africa, which it 
most resembled. Dr. Buckland, after carefully examining the spot, 
proved that the hyccnas must have lived there f a fact attested by 
the quantity of their dung, which, as in the case of the living hyaena, 
is of nearly the same composition as bone, and almost as durable. In 
the cave were found the remains of the ox, young elephant, hippo- 
potamus, rhinoceros, horse, bear, wolf, hare, water-rat, and several 
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bird8« All the bones have the appearance of having been broken 
and gnawed by the teeth of the hyaenas ; and they occur confusedly 
mixed in loam or mud, or dispersed through a crust of stalagmite 
which covers it In these and many other cases it is sup|x>sed that 
portions of herbivorous quadrupeds have been dragged into caverns 
by beasts of prey, and have served as their food — an opinion quite 
consistent with the known habits of the living hyiena. 

Reindeer period in South of France. — In the larger number of 
the caves of Europe, as for example in those of England, Belgium, 
Germany, and many parts of France, the animal remains agree 
specifically with the fauna of the oldest division of the age of stone, 
or that to which belongs the drift of Amiens and Abbeville already 
mentioned, containing flint implements of a very antique type. But 
there are some caves in the departments of Dordogne, Aude, and 
other parts of the South of France, which are believed by M. Lartet 
to be of intermediate date between that ancient division of the stone 
i^e and the more modern one which is represented by the Swiss 
lake-dwellings. To this intermediate era M. Lartet gave, in 1863, 
the name of the “ reindeer period,** because vast quantities of the 
bones and horns of that deer have been met wdth in those French 
caverns. In some cases separate plates of molars of the mam- 
moth, and several teeth of the great Irish deer, Cervus Megaceroft^ 
have been found mixed up with cut and carved bones of 
reindeer; but whether these extinct quadrupeds were really con- 
temporaneous at the era in question with man and the reindeer, is 
not yet clearly made out. Although the mammalian fauna con- 
sists of living species, the presence of the reindeer, marmot, and 
some other northern animals, seems to imply a colder climate than 
that of the Swiss lake-dwellings, in which no remains of reindeer 
have as yet been discovered. The absence* of these in the old la- 
custrine habitations of Switzerland is the more significant, because 
in a cave in the neighbourhood of the Lake of Geneva, namely, that 
of Mont Sal^ve, bones of the reindeer occur with flint implements 
similar to those of the caverns of Dordogne and Perigord. 

The state of the arts, as exemplified by the instruments found in 
these caverns of the reindeer period, is somewhat more advanced 
than that which characterises the tools of the Amiens drift, but is 
nevertheless more rude than that of the Swiss lake-dwellings. No 
metallic articles occur, and the stone hatchets are not ground after 
the fashion of celts ; but some of the bones are artistically carved, 
so as to represent animals ; and the needles of bone are shaped in 
a workmanlike style, having their eyes drilled with consummate 
skill. 

Australian cave-breccias , — Ossiferous breccias are not confined to 
Europe, but occur in all parts of the globe ; and those discovered in 
fissures and caverns in Australia correspond closely in character 
with what has been called the bony breccia of the Mediterranean, 
in which the fragments of bone and rock are ^rmly bound together 
by a red ochreous cement. 
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Some of these cares were examine^ by the late Sir T. Mitchell in 
the Wellington Valley, about 210 miles west of Sidney, on the river 
Bell, one of the principal sources of the Macquarie, and on the 
Macquarie itself. The caverns often branch off in different direc- 
tions through the rock, widening and contracting their dimensions, 
and the roofs and floors are covered with stalactite. The bones are 
often broken, but do not seem to be water-worn. In some places 
they lie embedded in loose earth, but they are usually included in a 
breccia. 

Fig. 110. 



Part of lower jaw ui Macroput atlat. Owen. A young individual of an extinct speciet. , 
a. Permanent falte molar, in thealveoluf. 


The remains found most abundantly are those of the kangaroo, 
of which there are four species, besides which the genera Hypsu 
prymrius, Phalangista, Phascolomys, and Dasyurus^ occur. There 
are also bones, formerly ^conjectured by some osteologists to belong 
to the hippopotamus, and by others to the dugong, but which are 
now referred by Mr. Owen to a marsupial genus, allied to the 
Womhat. 



Lower jaw of largest living species of kangaroo. 
(Afacropsf* 


In the fossils above enumerated, several species are larger than 
the largest living ones of the same genera now known in Australia. 
The preceding figure of the right side of a lower jaw of a kangaroo 
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{Maerapus atioM^ Owen) will at once be seen to exceed in magnitude 
the corresponding part of the largest living kangaroo, which is 
represented in fig. 111. In both these specimens part of the sub* 
stance of the jaw has been broken open, so as to show the permanent 
false molar (a. fig. 110.) concealed in the socket From the fact of 
this molar not having been cut we learn that the individual was 
young, and had not shed its first teeth. In fig. 1 12. a 
front tooth of the same species of kangaroo is repre- 
sented. 

The reader will observe that all these extinct qua- 
drupeds of Australia belong to the marsupial family, 
or, in other words, that they are referable to the same 
peculiar tyi)e of organization which now distinguishes 
the Australian mammalia from those of other parts of 
the globe. This fact is one of many pointing to a 
general law deducible from the fossil vertebrate and 
invertebrate animals of times immediately antecedent 
to our own, namely, that the present geographical 
distribution of organic forms dates back to a period 
anterior to the origin of existing species; in other inci»or«i mh- 
words, the limitation of particular genera or families 
of quadrupeds, mollusca, &c., to certain existing provinces of land 
and sea, l>egan before the larger part of the species now contempo- 
rary with man had been introduced into the earth. 

Professor Owen, in his excellent “ History of British Fossil Mam- 
mals,” has called attention to this law, remarking that the fossil 
quadrupeds of Europe and Asia differ from those of Australia or 
South America, We do not find, for example, in the Europoeo- 
Asiatic province fossil kangaroos or armadillos, but the elephant, 
rhinoceros, horse, bear, hysena, beaver, hare, mole, and others, which 
still characterise the same continent. 

In like manner, in the Pampas of South America the skeletons of 
Megatherium, Megalonyx, Glyptodon, Mylodon, Toxodon, Macrau- 
chenia, and other extinct forms, are analogous to the living sloth, 
armadillo, cavy, capybara, and llama. The fossil quadrumana, also 
associated with some of these forms in the Brazilian caves, be- 
long to the Platyrrhine family of monkeys, now peculiar to South 
America. That the extinct fauna of Buenos Ayres and Brazil was 
very modern has been shown by its relation to deposits of marine 
shells, agreeing with those now inhabiting the Atlantic ; and when 
in Georgia in 1845, I ascertained that the Megatherium, ]MyIodon, 
Equus curvidens^ and other quadrupeds allied to the Panipean type, 
collected by Mr. Hamilton Couper, were posterior in date to beds 
containing marine shells belonging to forty-five recent species of the 
neighbouring sea. 

There are indeed some cosmopolite genera, such as the Mastodon 
(a genus of the elephant family) and the horse, which w'ere simul- 
taneously represented by different fossil species in Europe, North 
America, and South America ; but these few exceptions can by no 
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mefuift invalidate the rute which haa been thus expressed hj Profesaor 
Owen, that in ^^the highest organiased class ik animab the same 
forms were restricted to the same great provinces at the Pliocene 
periods (and we may add Poat-pliocene) as they arc at the present 
day.*^ 

However modern, in a geological point of view, wo may consider 
the Newer Pliocene and Post-pliocene epochs, it is evident that 
c&uses more general and powerful than the intervention of man 
have occasioned the disappearance of the ancient fauna from so 
many extensive regions. Not a few of the species had a wide range ; 
the same Megatherium, for instance, extended from Patagonia and 
the river Plata in South America, between latitudes 31® and 39° 
south, to corresponding latitudes in North America, the same animal 
being also an inhabitant of the intermediate country of Brazil, 
where its fossil remains have been met with in caves. The mammoth 
{Elephas primi genius) has been likewise found fossil in North Ame> 
rica, and again in the eastern hemisphere from Siberia to the south 
of Europe. If it be objected that, notwithstanding the adaptation 
of such quadrupeds to a variety of climates and geographical con- 
ditions, their great size exposed them to extermination by the first 
hunter tribes, we may observe that the investigations of Lund and 
Clausen in the ossiferous limestone caves of Brazil have demon- 
strated that these large mammalia were associated with a great 
many smaller quadrupeds, some of them as diminutive as field-mice, 
which liave all died out together, while the land-shells formerly 
their contemporaries still continue to exist in the same countries. 
As we may feel assured that these minute quadrupeds could never 
have been extirpated by man, especially in a country so thinly 
peopled as Brazil, so we may conclude that all the species, small and 
great, have been annihilated one after the other, in the course of 
indefinite ages, by those changes of circumstances in the organic 
and inorganic world which are always in progress, and are capable 
in the course of time of greatly modifying the physical geography, 
climate, and all otlier conditions on which the continuance upon the 
earth of any living being must depend.* 

The law of geographical relationship above alluded to, between 
the living vertebrata of every great zoological province and the 
fossils of the period immediately antecedent, even where the fossil 
species are extinct, is by no means confined to the mammalia. New 
Zealand, when first examined by Europeans, was found to contain 
no indigenous land quadrupeds, no kangaroos, or opossums, like 
Australia ; but a wingless bird abounded there, the smallest living 
representative of the ostrich family, called the Kiwi by the natives 
{Aptet'yx), In the fossils of the Post-pliocene period in this same 
island, there is the like absence of kangaroos, opossums, wombats, 
and the rest ; but in their place a prodigious number of well-pre- 
served specimens of gigantic birds of the struthious order, called by 


* See Principles of Geology, chaps. xlL to xUv. 
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Owen Dinomu and Palapteryx^ which are entombed in superdcial 
deposits. These genera comprehended many species, some of which 
were four, some seven, others nine, and others eleven feet in height ! 
It seems doubtful whether any contemporary mammalia shared the 
land with this population of gigantic feathered bipeds. 

Mr. Darwin, when describing the recent and fossil mammalia of 
South America, has dwelt much on the wonderful relationship of the 
extinct to the living types in that part of the world, inferring from 
such geographical phenomena that the existing species ai'O all rc> 
lated to the extinct ones which preceded them by a bond of common 
descent. 

The late able naturalist, Edward Forbes, had declared in 184G his 
conviction that, not only the great extinct deer, Cervm mecjaceros^ 
but also the mammoth, and other lost pachyderms and carnivora, 
lived in Britain after the extreme cold of the glacial period had 
passed away.* More recent observations by Mr. Frestwich and l^r. 
Falconer, on the fossil contents of the drift and cave deposits of 
England, have confirmed this opinion, and have also proved that a 
larger number of the lost species than Forbes probably suspected 
were posterior in date to the submergence of central England beneath 
the waters of the glacial sea — an event which will be spoken of in 
tlie twelfth chapter. Mr. Frestwich has pointed out that there are 
some contortions of the strata in the higher level gravels of the Seine 
and Somme which indicate ice-action, such as might be caused by 
the freezing over of the rivers in winter, as now happens in corres- 
ponding latitudes in Canada. As these higher-level gravels, which 
contain human implements mingled with remains of extinct mam- 
malia, approach in age to the glacial period in proportion as they 
recede to a greater distance from our time, it is natural that >ve 
should discover in them some indications of a colder climate. Ac- 
cordingly, in addition to the disturbed stratification, a phenomenon 
to which I shall again allude in the sequel, p. loo., the large dimen- 
sions of many angular fragments of rock buried in the liigher gravel, 
and which have been transported from great distances in the same 
hydrographical basins, afford corroborative indications of ice-action. 

If it be asked whether tlie character of the fluviatile and land- 
shells of the same post-pliocene drifts also implies a colder climate, 
it may be said that tliey are generally of' the same species as those 
now inhabiting the same districts, but most of them have now so 
wide a northward range into Norway and Finland, that they may 
perhaps have flourished when the cold, espqpially in winter, was 
greater than now. But when we contemplate the whole of the evi- 
dence as to climate derived from a wide area in Europe, we find it 
to be very conflicting, owing possibly to post-glacial fluctuations in 
temperature, occasioning the migrations of quadrupeds from nortli 
to south and from south to north, during different seasons of the 

* Memoirs of Geol. Survey, pp. 394. 397. 
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game year, or during successive stagey of the same era. The rein- 
deer and the inusk-buffalo, Buhalus moschatus^ are well known as 
living inhabitants of the Arctic regions, and they both occur fossil 
in the valley of the Thames, and in that of the Avon, near Batheaston, 
as well as in the drift of the valley of the Oise, a tributary of the 
Seine. The same buffalo has also been met with in the post-pliocene 
drift of North (iermany, at the gates of Berlin, where, ns in England, 
it accompanied the mammoth, Elephas primigenms^ and the two- 
horned, or woolly rhinoceros, 7?. tichorhinus. The last-mentioned 
mammalia were both of them found by Pallas preserved with their 
flesh in the rr(jzen gravel of Siberia, and they have also been met 
with in the drift of North Germany, near Quedlinhurg, associated 
wdth tlie Norwegian lemming, Myodes lemmus^ and another species 
ol’ tlie same family, called by Pallas Myodes torquatus (by Hensel 
Misothermus torquatus)^ a still more Arctic quadruped, for it was 
observed by Parry in lat. 82^ N., and is said never to stray farther 
south than the northern borders of the woody region. 

No instance has yet occurred in North Germany of the associa- 
tion of these lemmings, reindeer, and musk-huffalos, with the hippo- 
potamus. When the latter genus occurs in England, it is usually 
accompanied by Elephns antiquus^ and Rhinoceros hemitmchosiYsXi^,)^ 
or soinetinu‘s with Rhinoceros leptorhinm. 

At Gray’s Tliurrock, in Essex, on the left or north bank of tlie 
Tliaim's, where the three pachyderms last enumerated are found 
together, a fossil shell, Cyrena Jfuminalis^ is abundant, which no 
longer liv(‘s in any European river, but still inhabits the Nile and 
parts of Asia, With it, in the same sand and gravel, the Unio 
littoralis occurs, now extinct in Britain, but still living in the Seine 
and Loire in France. It may bo contended that wlien the Cyrena 
fiitminalis abounded in the Tlianies, the hippopotamus may have 
been suited to the same climate, just as the same mollusk and the 
living hippopotamus now coexist in the Nile. We may doubtless 
imagine that during the countless centuries which may have passed 
away since the glacial epoch, there have been oscillations of tempe- 
rature, in the course of wdiich certain members of a more southern 
fauna migrated northwards, and then retreated again wdien a suc- 
cession of less genial seasons prevailed, while other migrations in an 
opposite direction took place whenever there was a change from a 
warmer to a colder climate. 

In the Valley of the Somme the rude flint tools before mentioned, 
page 116., have been found at Menchecourt, near Abbeville, asso- 
ciated with the Cyrena Jiuminalis, and with the Hippopotamus 
major. These were met with in the lower level post-pliocene 
gravel, and may be referable, as Mr. Prestwich has suggested, to a 
period when the climate was somewhat warmer than that of the 
higher level drift of this same valley. It is in that higher and older 
drift at St. Acheul, near Amiens, that flint implements have been 
found in the greatest number, together with the bones of the elephant 
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and other post-pliocene quadrupeds, so that man must have existed 
through several successive phases of the geography and climate of 
thftt region in prehistoric times, 

III 1863, several individuals of the Greenland lemming, and 
several of a new species of Sperraophilus, an arctic typo allied u> 
the marmot, were found by Dr. Blackmore in the ancient alluvium 
of the Wiley near Salisbury, in lower level drift, rising about thirty 
feet above the present water meadows. They were associated with the 
mammoth, tichoriue rhinoceros, cave hyama, reindeer, and many other 
mammalia, probably suited, like them, to a cold climate. In the im- 
mediate vicinity occurs a higher level gravel, ninety feet above the 
Wiley, from which flint implements, much rolled and resembling somt‘ 
of those at Amiens, have been obtained. After examining the sj)ot. 
I agree with Dr. Blackmore, that these flint tools, and the gravel 
in which they are embedded, are older than the deposits containing 
the extinct mammalia, so that in this instance we cannot suppose, 
as in the case of Menchecourt above alluded to, that the fossils of* 
the more modern or lower level deposit indicate a more genial 
climate. 

Nearly all the known po.st-pli(»cene <juadrup(‘(ls have now becm 
found either in valley drifts or cave deposits in England or on the 
Continent, accompanying flint knives or hatchets in such a way as 
to imply the co-existence of the same mammalia with man. The 
antiquity, therefore, of the human race may be inferred from tin* 
concurrent testimony of several independent classes of geological 
facts. In the first place, the disappearance of many wdld animals 
from a large continent, even where man has been an active agent of 
extermination, must always require a considerable lapse of time for 
its accomplishment ; indeed, before the invention of fire-arms, it is 
hard to say how many centuries it would take to bring about such 
utter extirpation. Yet there can be no doubt that many 8])(‘cies be- 
came extinct after man was a denizen of the earth, and before the 
Danish shell-mounds were formed, or the oldest of the Swiss lake- 
dwellings constructed. Secondly, thousands of years must have 
been required to enable rivers to deepen and widen their valleys, and 
to grind down fragments of rock into mud, sand, and pebbles, on such 
a scale as to produce the old valley gravels, both higher andlowei. 
containing flint implements and the bones of extinct mammalia. 
Thirdly, much time is also demanded to enable springs and engulfed 
rivers to change their courses, and for caves which once lay in the 
line of a great subterranean drainage to become dry, and to have 
their floors encrusted over with a hard covering of stalagmite. 
Lastly, ages must have been required to bring about such a change 
in the climate of a wide region as to cause the winters to be less severe, 
and the geographical distribution of certain species of mammalia and 
land and freshwater shells to vary. The length of the historical 
epoch, even if assumed to be 3000 or 4000 years, doe.s not furnish us 
with any appreciable measure for calculating the number of centuries 
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wbkh would suffice for such a series of changes, which are by 
no means of a local character, but have already been traced from 
England and the North-west of France to Sardinia and Sicily. 

Heluiive longevity of specien in the mammalia and teslacea , — 
I called attention in 1830^ to the fact which had not at that time 
attracted notice, that the association in the post-pliocene deposits of 
shells, exclusively of living species, with many extinct quadrupeds, 
betokened a longevity of species in the testacea far exceeding that 
in the mammalia. Subsequent researches seem to show that this 
greater duration of the same specific forms in the class mollusca is 
dependent on a still more general law, namely, that the lower the 
grade of animals, or the greater the simplicity of their structure, the 
more persistent are they in general in their specific characters 
throughout vast periods of time. Not only have the iuvertebrata, 
UH shown by geological data, altered at a less rapid rate than the 
vertebrataf but if we take one of the classes of the former, as for 
example the mollusca, we find those of more simple structure to have 
varied at a slower rate than those of a higher and more complex 
organisation ; the hrachiopoda, for example, more slowly than the 
lamellibranchiate bivalves, while the latter have been more persistent 
than the univalves, whether gasteropoda or cephalopoda. In like 
manner the specific identity of the characters of the foraminifera 
which are among the lowest types of the invertebrata has outlasted 
that of the mollusca in an equally decided manner. 

Teeth of post- pliocene mammalia. — To those who have never 


a Fig. 112 a. b 



F.Uphas prtmigrtuus (or Mammoth) ; molar of upper jaw, right aide ; one third of nat. size. 
Post-pliocene. a. griodtug turface. o. side view. 

Studied comparative anatomy, it may seem scarcely credible that a 
single bone taken from any part of the skeleton may enable a skilful 
osteologist to distinguish, in many cases, the genus, and sometimes 

* Principles of Geoloerv, 1st ed. voL iii, p. 140. 
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the species, of quadruped to which it belonged. Although few geo- 
logists can aspire to such knowledge, which must be the result of 
long practice and study, they will nevertheless derive great advan- 
tage from learning, what is comparatively an easy task, to distinguii*h 
the principal divisions of the mammalia by the forms and characters 
of their teeth. 

The annexed figures represent the teeth of some of the more 
common species and genera found in alluvial and cavern deposits. 

Fig. 113. 



E/ephas antifjuui^ Falconer. Pennltlmat« molar, om*.tliir«i ol r.ut 
l*o8l-pllocene and plloccnt* 


Fig. 114. 



Elrphas meridtonalit, Nestl. Penultimate molar, one-lhird of nat. nlz** 


Fig. 116. 



Bhinocerot leptorhinus^ Cu- 
vier = Rhtn. megarkimn^ 
Christol ; fo*«il from frech- 
water beds of Grays, Essex 
(see p. 180.) : penultimate 
molar, lower jaw, left side ; 
two-tbirds of nat. sire. 
Post-pliocene and Newer 
pliocene. 


Post-piioceue and pliocene. 


Fig. Ilf. 



RhinoeeroB tichorhinuM i pe- 
nultimate molar, lower 
jaw, left side; two-thirds 
of nat. sire. Post-pliocene. 


Fig. 117. 



Hippopotamus ; from cave 
near Palermo ; molar 
tooth ; two-third* of nat. 
size. Poit-pllocene. 
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On comparing the grinding snrfacea bf the corresponding molars 
of the three species of elephants, figs. 112 a, 113, 114., it will he seen 
that the folds of enamel are most numerous in the mammoth, fewer 
and wider, or more open, in E, antiquus ; and most open and fewest 
in E, meridionalis. It will be also seen that the enamel in the 
molar of the rhinoceros tichorinus (fig. 116.) is much thicker than 
in that of the rhinoceros leptorhinus (fig. 115.). 




uf L. (rormnon 

I'jp). from t.hcll-inarl, 
KorfarsJurt' , posterior mo- 
i«r, lower jaw, nat. size. 
Urrrnt 


Eqnui caballus, L. (common horse); 
iroin ihe ihell-mar), Forfarshire ; se- 
cond molar, lower jaw. Jlcient. 

а. grinding surface, two-thirds nat. size. 

б. side view of same, half nat. size. 
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Fifr. m. 



Rear. 

a canine tooth or tusk, of bear {Vrsut 
$fh’lavf ) ; from care near 
b. molar of left «idc. upper jaw ; one- 
ihlrd of nat. siie. Post-pUocene. 


Fig. m. 



riper. 

i\ canine tooth of tiger ( Fcht Itgns ) , 
recent. 

(/. out*lite view of posterior molar, 
lower jaw; one-third of nat. siju* ; 
recent. 


Fip. li**. 



Htj(tna spelaa i lower jaw, Kent’s Hole, Torquay, Devonshire. 
One-ihird nat size. Post-pliucene. 


Fig, 125. 



Htjeena spelwa j second molar, left 
side, lower jatv ; nat, size. Cave 
ot Kirkdale. Post-pUucene. 



Teeth of a new species of Arvtcola, (leld-rnonse ; (roui th* 
Norwich Crag. Newer Pliocene. 
a. grinding surface. b. side view of same. 
c. nat. size of a and b. 


Fig. 127. 



a, fourth molar, right side, lower jaw. Megatherium; Georgia. b. crown of tamef 
U.S. ; one-thtrd nat. size. Post-pliocene. 
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CHAPTER XL 

rOST-PLIOCENE PERIOD CONTINUED. — GLACIAL EPOCH. 

(Jeo;;rai)hif al distribution, form, and characters of glacial drift — Fundamental 
rocks, polished, grooved, and scratched — Abrading and striating action of 
glaciers — Moraines, erratic blocks, and “ Roches Moutonnees” — Alpine blocks 
on the Jura — Colossal size of ancient Swiss glaciers — Continental ice of Green* 
land — Ancient centres of the dispersion of erratics — Transportation of drift by 
floating icebergs — Bed of the sea furrowed and polished by tlie running aground 
of floating ice-islands — How to distinguish glacial drift of submarine from that 
of terrestrial origin. 

Among the different kinds of alluvium described in Chapter VII., 
a passing allusion was made (page 80.) to the “ boulder formation 
and to its origin as probably connected with the agency of glaciers 
and floating iee. This formation, to which many names, such 
‘Miluvium,” “ northern drift,” “boulder clay,” and “glacial depo- 
sits ” have been given, is abundant in Europe north of the 
and in North America north of the 4()th parallel of latitude. It i> 
wanting in the warmer and equatorial regions, and reappears when 
we examine the lands which lie south of the 40th and 50th parallels 
in the Southern Hemisjdiere, as, for example, in Patagonia, Terra 
del Fuego, and Now Zealand. It consists of sand and clay, some- 
times stratified, but often wholly devoid of stratification for a depth 
of 50, 100, or even a greater number of feet. To this unstratified 
form of the deposit the name of till has long been applied in Scot- 
land. It generally contains a mixture of angular and rounded 
fragments of rock, some of large size, having occasionally one or 
more of their sides flattened and smoothed, or even highly polished. 
The smoothed surfaces usually exhibit many scratches parallel to 
each otl^er, one set of which often crosses an older set. Tlie till is 
almost everywhere wholly devoid of organic remains, except those 
washed into it from older formations, though in some places it con- 
tains marine shells of arctic species, many of them in a fragmentary 
state. The bulk of the till has usually been derived from the 
grinding down into mud of rocks in the immediate neighbourhood, 
so that it is red in a region of Red Sandstone, as in Strathmore in 
Forfarshire ; grey or black in a district of coal and coal-shale, as 
around Edinburgh ; and white in a chalk country, as in parts of 
Norfolk and Denmark. The stony fragments dispersed irregularly 
through the till usually belong, especially in mountainous countries, 
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to rocks found in some part of the same hydrographical basin ; but 
there are regions where the whole of the boulder clay has come fVom 
a distance, and huge blocks, or erratics,^ as they have been called, 
many feet in diameter, have not unfrequently travelled hundre<ls of 
miles from their point of departure, or ft*om the parent rocks from 
which they have evidently been detached. These are commonly 
angular, and have often one or more of their sides })olished and fur- 
rowed. 

The fundamental rock on which the boulder formation reposes, if 
it consists of granite, gneiss, marble, or other hard stone, capable of 
permanently retaining any superficial markings which may have 
l)eeii imprinted upon it, is usually smoothed or polished, like the 
erratics aljove described ; and exhibits parallel stria) and furrows 
having a determinate direction. This direction, l>oth in Europe and 
North America, agrees generally in a marked manner with the 
course taken by the erratic blocks in the same district. 

The boulder clay, when it was first studied, seemed in many of 
its characters so singular and anomalous, that geologists despaired 
of ever being able to interpret the phenomena by reference to causes 
now in diurnal action. In those exceptional cases, where marine 
shells of the same date us the boulder clay were found, nearly all 
of them were recognised as living species — a fact conspiring with the 
superficial position of the drift to indicate a comparatively modern 
origin. The recentness of the date caused the enigma to appt*ar 
only the more perplexing, and strengthened the belief that the plie* 
noinena were the results of forces distinct both in kind and energy 
from those now operating in the ordinary course of nature. Notions 
of this kind were calculated to retard the progress of science, by 
diverting attention from such every-day operations as were capable 
of producing analogous effects. 

The term “diluvium ” was for a time the most popular name of 
the boulder formation, because it was referred by many to the deluge 
of Noali, while others retained the name as expressive of their 
opinion that a series of diluvial waves raised by hurricanes and 
storms, or by earthquakes, or by the sudden upheaval of land from 
the bed of the sea, had swept over the continents, carrying with 
them vast masses of mud and heavy stones, and forcing these stones 
over rocky surfaces so as to polish and imprint upon them long 
furrows and striae. 

But geologists were not long in seeing that the boulder formation 
was characteristic of high latitudes, and that on the whole the size 
and number of erratic blocks increases as we travel towards the 
arctic regions. They could not fail to be struck with the contrast 
which the countries bordering the Baltic presented when compared 
with those surrounding the Mediterranean. The multitude of tra- 
velled blocks and striated rocks in the one region, and the absence 
of such appearances in the other, were too obvious to be overlooked. 
Even the great development of the boulder formation, with large 
erratics so far south as the Alps, offered an exception to the general 
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rule favourable to the hypotliesis that there was some intimate con- 
nection l>etween it and accumulations of snow and ice. 

Abrading^ polishing^ scoring^ and transporting power of glaciers , — 
It is well known that those parts of the Alps which rise to heights 
exceeding 8500 feet above the level of the sea are covered with 
perpetual snow. This snow, as it receives annual additions, would 
increase indefinitcdy in altitude were not its accumulation checked 
by the constant descent of a large portion of it ])y gravitation. As 
it glides slowly down the principal valleys flanking the highest 
mountains, it becomes converted into solid ice, and forms what are 
termed glaciers, or rivers of ice, the lower extremities of which, 
when they descend into warmer regions, melt and give rise to torrents 
of water. On the borders of every glacier are seen on either side 
mounds, or taluses of rubbish, consisting of angular fragments of 
rock, with large heaps of sand and mud. At certain distances from 
(‘ach side, and often in the centre, ridges composed of similar debris 
Iroin three to twelve feet in height, are observable. Each of these 
has originated, like the lateral mounds, in the form of a talus accu- 
mulated at the foot of a steep slope or precipice. Frost, rain, light- 
ning, and avalanches of snow are constantly detaching fragments of 
rock and soil which fall or roll down to the bottom of such precipices. 
If the base of the heap of loose materials were washed by a river, it 
w'ould soon be undermined and swept away, but when this fallen 
matter reaclKjs the edge of a glacier, which is always moving on- 
wards night and day at the rate of several inches, or sometimes a 
foot or two in twenty-four hours, the whole talus becomes locomotive, 
and is changed into a long stream of blocks and earthy matter, 
fringing the glacier on both sides, and constituting what are called 
lateral moraines. As often as glaciers are confluent, the right lateral 
moraine of one blends with the left moraine of the other, and both 
are then carried down in tlie middle of the mass of ice produced by 
the union of the two glaciers, forming what is called a medial 
moraine. The number and position of these moraines will depend 
on the number and size of the tributary glaciers which join the main 
one. By such machinery, not only small stones and earth, but erratic 
blocks of the largest size are carried down from the mountains to 
the lower valleys and plains, performing a journey of twenty or 
thirty miles in the course of several centuries, and usually retaining 
their edges sharp and unworn to the last. 

When the glacier passes over uneven ground, it becomes rent, 
and traversed by broad and deep transverse Assures, into which por- 
tions of the lateral dr medial moraines are precipitated. Rills of 
water also, derived from the liquefaction of the ice by the sun’s rays in 
summer, run over the surface of the glacier until, arriving at one of 
these fissures, they cascade into it. From this source, as well as from 
springs, which must occasionally break out under the glacier, are 
derived torrents which flow under the ice in tunnels, where the 
angular stones which have fallen to the bottom through the fissures 
often become rounded, as in the ordinary bed of a river. Other 
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blocks and pebbles^ being fixed in the ice, and firmly froaen into it, 
are pushed along the l>ottom of the glacier, abrading, polishing, and 
grooving the rocky floor below, while each stone is reciprocally flat- 
tened, polished, and striated on its lower side. As the forces of 
downward pressure and onward propulsion are enormous, each small 
grain of sand, if it consist of quartz or some hal'd mineral, scratches 
and polishes the surface, whether of the underlying rock or of the 
boulder wdiich impinges on it, as a diamond cuts gloss or as emery 
powder polishes steel. The striro which are made, and the deep 
grooves which are scooped out by this action, are rectilinear and 
parallel to an extent never seen in those produced on loose stones 
or rocks, where shingle is hurried along by a torrent, or by the waves 
on a sea* beach. 

As water is always flowing under some parts of a glacier, and 
much melting and regelation are going on in diftereiit places, stones 
are liable to change their |H)8ition, in which case a second set of 
strifle and furrows may be ini[>rinted in a new direction, or another 
side of the stone becomes, in its turn, flattened, striated, and polished. 
In like manner the solid rock underneath tin? glacier may exhibit 
scratches and grooves in more than one direction. The furrows 
will, most of them, coincide with the general course of the valley ; 
but as the ice in different seasons varies in quantity, the direction 
of its motion at any given point is not uniform, so that the grooves 
and scratches will also vary, one set often intersecting another. 

Fig. 128. 



Limettone, polished, furrowed, and scratched by the glacier of Rosenlaui, In Switzerland. (Agasiit.) 
a a. White streaks or scratches, caused by small grains of fl«nt frozen into the ice. 
b b* Furrows. 


When a Swiss glacier, laden with mud and stones, descends so far 
as to reach a region about 3500 feet above the level of the sea, the 
warmth of the air is such that it melts rapidly in summer, and in spite 


140 MOEA1NE8 AXD ERRATIC BLOCKS. [Ch. X 

of the downward movement of the maas, it can advance no farther. 
lt» precise limits are variable from year to year, and still more so 
from century to century ; one example being on record of a recession 
of half a mile in a single year. We also learn from M. Venetz, that 
whereas, between the eleventh and fifteenth centuries, all the Alpine 
glaciers were less advanced than now, they began in the seventeenth 
and eighteenth centuries to push forward, so as to cover roads formerly 
open, and to overwhelm forests of ancient growth. 

These oscillations enable the geologist to note the marks which a 
glacier leaves behind it os it retrogrades ; and among these the most 
prominent is the terminal moraine, which is a confused heap of un- 
stratified rubbish, like the till before described ; all the mud, sand, 
and pieces of rock, with which the glacier was loaded, having been 
slowly deposited in the same spot where no running water interfered 
to sort them, by carrying the smaller and lighter particles and stones 
fartlier than the bigger and heavier ones. These terminal moraines 
often cross the valley in the form of transverse mounds, more or less 
divided into separate masses or hillocks by the action of the torrent 
which flows out from the end of the glacier. Such transverse 
barriers were formerly pointed out by Saussure, below the glacier of 
the Rhone, as proving how far it had once transgressed its present 
boundaries. On these moraines we see many large angular frag- 
ments, which, having been carried along on the surface of the ice, 
have not had their edges worn off by friction ; there are also many 
boulders, of various sizes, which have been rounded; some, as before 
stated, by the power of water beneath the glacier, others by the 
mechanical force of the ice which has pushed them against each 
other, or against the rocks flanking the valley. 

As the terminal moraines are the most prominent of all the monu- 
ments left by a receding glacier, so are they the most liable to obli- 
teration ; for violent floods or debacles are often occasioned in the 
Alps by the sudden bursting of what are called glacier-lakes. These 
temporary sheets of water are caused by the damming up of a river 
by a glacier which has increased during a succession of cold seasons, 
and descending from a tributary into the main valley, has crossed it 
from side to side. On the failure of this icy barrier, the accumu- 
lated waters are let loose, which sweep away and level many a 
transverse mound of gravel and loose boulders below, and spread 
their materials in confused and irregular beds over the river-plain. 

In addition to the polished, striated, and grooved surfaces of rock 
already described, another mark of the former action of a glacier is 
the roche moutonn^e.” Projecting eminences of rock so called, 
have been smoothed and worn into the shape of flattened domes by 
the glacier as it passed over them. 

Although the surface of almost every kind of rock, when exposed 
in the open air, wastes away by decomposition, yet some retain for 
ages their polished and furrowed exterior ; and, if they are well 
protected by a covering of clay or turf, these marks of abrasion 
seem capable of enduring for ever. They have been traced in the 
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Alps to great heights above the present glaciers, and to great faori«* 
sontal distances beyond them. 

There are also found, on the sides of the Swiss valleys, round and 
deep holes with polished sides, such holes as waterfalls make in the 
solid rock, but in places remote from running waters, and where the 
form of the surface makes it difficult to suppose that any cascade 
could ever have existed. Similar cavities are common in hard rocks, 
such as gneiss in Sweden, where they are called giant caldrons^ and 
are sometimes ten feet and more in depth ; but in the Alps and Jura 
they often pass into spoon-shaped excavations and prolonged gut- 
ters. We learn from M. Agassiz that hollows of this form are now 
cut out by streams of water which, after flowing along the surface 
of a glacier, fall into open fissures in the ice and form a cascade. 
Here the falling water, causing the gravel and sand at the bottom 
to rotate, cuts out a round cavity in the rock. But as the glacier 
moves on, the cascade becomes locomotive, and what would other- 
wise have been a circular liole is prolonged into a deep groove. 
The form of the rocky bottom of the valley down which the glacier 
is moving causes the rents in the ice and these locomotive cascades 
to be formed again and again, year after year, in exactly the same 
spots. 

Another effect of a glacier is to lodge a ring of stones round the 
summit of a conical peak, or a single block on a sharp ridge, which 
may happen to project through the ice. If the glacier is lowered 
greatly by melting, these blocks or circles of large angular frag- 
ments, which are called ‘‘ perched blocks,” are left in a singular 
situation at or near the top of a sharp pinnacle or ridge, the lower 
parts of which may be destitute of boulders. 

Alpine blocks on the Jura, — Some or all the marks above enu- 
merated — the moraines, erratics, polished surfaces, domes, stria*, 
caldrons, and perched rocks — are observed in the Alps at great 
heights above the present glaciers, and far below their actual (‘X- 
treinities ; also in the great valley of Switzerland, fifty miles broad ; 
and almost everywhere on the Jura, a chain which lies to the north 
of this valley. The average height of the Jura is about one-third 
that of the Alps, and it is now entirely destitute of glaciers ; y(*t it 
presents almost everywhere similar moraines, and the same polished 
and grooved surfaces and water- worn cavities. The erratics, more- 
over, which cover it, present a phenomenon which has astonished 
and perplexed the geologist for more than half a century. >»o con- 
clusion can be more incontestable than that these angular blocks of 
granite, gneiss, and other crystalline formations, came from the AIp.s, 
and that they have been brought for a distance of fifty miles and 
upwards across one of the widest and deepest valleys in tlie world ; 
so that they are now lodged on the hills and valleys of a chain com- 
posed of limestone and other formations, altogether distinct from 
those of the Alps. Their great size and angularity, after a journey 
of so many leagues, has justly excited wonder; for hundreds of 
them are as large as cottages ; and one in particular, composed of 
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gneiBfl, celebrated under the name of Pierre h Bot, rests on the side 
of a hill alxjut 900 feet above the lake of Neufchatel, and is no less 
than 40 feet in diameter. 

In the year 1821, M. Venetz first announced his opinion that the 
Alpine glaciers must formerly have extended far l>eyond their present 
limits, and the proofs appealed to by him in confirmation of this 
doctrine were afterwards acknowledged by M. Charpentier, who 
strengthened tliom by new observations and arguments, and de- 
clared, in J83(), his conviction that the glaciers of the Alps must 
once Imve reafdied as far as the Jura, and have carritMl thither their 
moraines across the great valley of Switzerland. M, Agassiz, after 
several excursions in the Alps with M. Charpentier, and after 
devoting himself for some years to the study of glaciers, published, 
in 1840, an admirable description of them and of the marks which 
attest the former action of great masses of ice over the entire sur- 
fac(^ of the Alps and the surrounding country * 

M. Charpentier conceived that the Alps, at tbe time when the 
glaeiers extended continuously from them to tlie Jura, and conveyed 
to them so many Alpine errati(‘s, were 2000 or 30(K) feet higher 
than now. Professor James D. Forbes, in his excellent work on the 
Alps, published in 1843, came in like manner to the conclusion that 
the ancient glaeiers were of colossal size, and had once stretched 
from the principal chain to the Jura. The original theory of Saus- 
sure, that the erratics were all whirled along to great distances by 
a rapid current of muddy water rushing from the Alps, has long 
been ex[>lodcd ; and the hypothesis of the submergence of Switzer- 
land beneath tlie waters of the sea, and tbe transportation of moraines 
and erratic blocks on ice-rafts or floating icebergs from the Alps 
to the Jura, then an island — a view to which I myself formerly 
leaned — has been disproved by a careful study of the present distri- 
bution of the travelled masses. Their arrangement, both on tbe 
north and south of the groat chain, whether in the Pays de Yaud 
and Jui’a or in the plains of tlie Po, is such as to imply that they 
were transported to their present sites by glaciers of enormous size 
descending by the existing valleys at a time when all the great lakes 
'were filled with ice, or, in other words, formed parts of these same 
glaciers. The entire absence of marine shells f^rom the old glacial 
drift of Switzerland, and of the Alps generally, is confirmatory of 
this theory, and against the doctrine of a marine submergence. The 
moraine-like arrangement of the boulders has also led tbe most ex- 
perienced Swiss and Italian geologists, who have of late years 
devoted much time and talent to the study of this subject, to adopt 
the same hypothesis of land-glaciers. Among other writers I may 
mention MM. Studer, Guyot, Escher von der Linth, Morlot, Gas- 
taldi, Gabriel de Mortillet, Omboni, and others. 

It has been stated that the boulder formation and all the attendant 
phenomena of striated and dome-shaped rocks and far- transported 

* Agassiz, ]^tndes sur Ics Glaciers, and Systt^me Glaci^re. 
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erratics become more and more conspicuous in proportion as we ex- 
tend our survey to higher latitudes. We find, for example, a charac- 
teristic display of them in Norway, Sweden, and Denmark, tlu* 
southern borders of the Baltic or Northern Germany, European 
Russia, and Finland. They are also observable in the mountainous 
regions of Scotland, Wales, and of the British Isles generally. But, 
V>esides the appearances already noticed, there occur here and there 
in the countries just alluded to, deposits of marine fossil shells, 
strictly belonging to the glacial j>eriod, which exhibit so arctic a 
character that they must have led the geologist to infer the former 
prevalence of a much colder climate, even had he not encountered 
so many accompanying signs of ice-action. The same marine shells 
demonstrate the submergence of large areas in Scandinavia ami 
the British Isles, and other regions, during parts of the glacial 
epoch. 

A characteristic feature of the deposits under consi<leration in all 
these countries is the occurrence of large erratic blocks, and sometimes 
of moraine matter, in situations remote from lofty mountains, and 
separated from the nearest points where the parent rocks appear at 
the surface by great intervening valleys, or arms of the sea. Sucli 
appearances require us to suppose important geographical clianges 
of a date subsequent to the drift. But even where the laud does 
not seem to have undergone much loeal alteration, such as would 
result from upheaval and subsidence, we often observe strim and 
furrows, as in Norway, Sweden, and Scotland, which are not in 
strict accordance with the direction of any separate glaciers, which 
can be supposed to have once descended through existing valleys. 
Many of tlie markings referred to deviate from the direction which 
they ought to follow if they had been connected witli the present 
line of drainage, and they, tlierefore, imply the prevalence of a very 
distinct condition of things at the time when the cold was most in- 
tense. The actual state of the Continent of North Greenland seems 
to afford the best explanation of such aV)norraul glacial markings. 

Of that country a faithful description luis been given to us hy 
Rink, now governor of the Danish Settlements in Baffin’s Bay, wlio 
has, more than any other scientific traveller, explored both the coast 
and the interior.* The laud, he says, may he divided into two 
regions — the inland and the outskirts. The inland is 8(X) miles 
from west to east, and of much greater length from north to south. 
It is a vast unexplored continent, buried under one continuous and 
colossal mass of ice that is always moving sea't^rd, a very small part 
of it in an easterly direction, and all the rest westward, or towards 
Baffin’s Bay. All the minor ridges and valleys are levelled and con- 
cealed under a general covering of snow, hut here and there some 
steep mountains protrude abruptly from the icy slope, and a few 
superficial lines of stones or moraines are visible at certain seasons, 
when no snow has fallen for many months, and when evaporation 

* Rink, Journal of Royal Geograph. Soc., vol. xxiii. p. 145., and Lyell, An- 
tiquity of Man, p. 235. 
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promoted by the wind and euu, has caused much of the upper snow 
to disappear. After penetrating a great distance eastward in lat. 
72® N., Rink still saw lines of these stones in the extreme distance, 
indicating, he says, the existence of precipitous mountains, piercing 
through the snow still farther oast. The height of this continent is 
unknown, but it roust be very great, as the most elevated lands of 
the outskirts which are described as comparatively low, attain alti- 
tudes of 4(XX) and 6000 feet. The icy slope gradually lowers itself 
towards the outskirts, and then terminates abruptly in a mass about 
2000 feet in thickness, the great discharge of ice taking place through 
certain large friths which, at their upper ends, are usually about 
four miles across. Down these friths the ice is protruded in huge 
masses, several miles wide, which continue their course — grating 
along the rocky bottom like ordinary glaciers long after they have 
reached the salt water. When at last they arrive at parts of Baffin’s 
Bay deep enough to buoy up icel)ergs from 10(K) to 1500 feet in 
vertical thickness, broken masses of them float off, carrying with 
them on their surface not only fine mud and sand but large stones. 
These fragments of rock, as I am informed by Dr. Otto Torell, who 
has examined many of the bergs after they had run aground, are 
often polished and scored on one or more sides, and as the ice melts, 
they drop down to the bottom of the sea, where large quantities of 
mud are deposited, and this muddy bottom is inhabited by many 
mollusca. 

The outskirts, where the Danish colonists are settled, comprise an 
area of 30,000 square miles in extent, including many islands and 
peninsulas, and some fiords from 50 to 100 miles long, down wliich 
the ico passes, either floating or sometimes, as already stated, in 
contact with the bottom. Rink counted twenty-two great ice-streams 
along the coast, which indicate the position of as many concealed val- 
leys or straths, by which relief is given to the snow and ice annually 
accumulating in the interior. From the same points t])e principal 
glaciers or rivers would issue if, at some future period, there should 
be a milder climate. But although the direction of the ice-streams 
in Greenland may coincide in the main with that wliich separate 
glaciers would take if there were no more ice than there is now in 
the Swiss Alps, yet the striation of the surface of the rocks on an 
ice-clad continent would, on the whole, vary considerably in its 
minor details from that which would be imprinted on rocks constitut- 
ing a region of separate glaciers. For where there is a universal 
covering of ico there will be a general outward movement from the 
higher and more central regions towards the circumference and lower 
country, and this movement will be, to a certain extent, independent 
of the minor inequalities of hill and valley, when these are all re- 
duced to one level by the snow. The moving ice may sometimes 
cross even at right angles deep narrow ravines, or the crests of 
buried ridges, on which last it may afterwards seem strange to de- 
tect glacial striae and polishing after the liquefaction of the snow 
and ice has taken place. 
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Ritik mentions that, in North Greenland, powerful spjrings of 
clayey water l*scapo in winter from under the ice, where it descends 
to the outskirts,*^ and where, as already stated, it is often 2000 feet 
thick — a fact showing how much grinding action is going on upon the 
surface of the subjacent rocks. 1 also learn from Dr. Torell that 
there are large areas in the outskirts, now no longer covered with 
permanent snow or glaciers, which exhibit on their surface unmis- 
takable signs of i ancient ice-action, so that, vast as is the power 
now exerted by ice in Greenland, it must once have operated on a 
still grander scale. The land, though now very elevated, may per- 
haps have been formerly much higher. This, indeed, is more than 
probable, as, ever since the country has been known to the Danes, 
or for the last four centuries, the whole coast, from latitude 60® 
to about 70® N. has been sinking at the rate of several feet in a 
century. By this means a surface of rock, well scored and j)oli8hed 
by ice, is now slowly subsiding beneath the sea. and is l>ecoming 
strewed over as tlie icebergs melt, with impalpable mud and smoothed 
and scratched stones. 

When we contemplate, therefore, the effects which are now in 
progress in North Greenland and on its shores, as well as in the bed of 
the adjoining sea, under the influence of the ice, both of glaciers and 
floating bergs, combined with a vertical movement of the continent 
and floor of the ocean, which is now one of subsidence, hut which 
may at some future time bo converted into one of u])heaval, we are 
presented with a key to the interpretation of many distinct classes 
of glacial phenomena once regarded as most enigmatical. 

An account was given so long ago as the year 1822, by Scoresby, of 
icebergs seen by him in the Arctic seas drifting along in latitudes 69® 
and 70® N., which rose above the surface from 1(X) to 200 feet, and 
some of which measured a mile in circumference. Many of them 
were loaded with beds of earth and rock, of such thickness that the 
weight was conjectured to be from 50,000 to 100,000 tons. A similar 
transportation of rocks is known to be in progress in the southern 
hemisphere, where boulders included in ice are far more frequent 
than in the north. One of these icebergs was encountered in 1839, 
in mid-ocean, in the antarctic regions, many hundred miles from any 
known land, sailing northwards, with a large erratic blocik firmly 
frozen into it. In order to understand in what manner long and 
straight grooves may be cut by such agency, we must remember that 
these floating islands of ice have a singulfJr steadiness of motion, in 
consequence of the larger portion of their b«lk being sunk deep 
under water, so that they are not percept'bly moved by the winds 
and waves even in the strongest gales. Many had supposed that the 
magnitude commonly attributed to icebergs by unscientific naviga- 
tors was exaggerated, but now it appears that the popular estimate 
of their dimensions has rather fallen within than beyond the truth. 
Many of them, carefully measured by the officers of the French explor- 
ing expedition of the Astrolabe, were between 100 and 225 feet high 
above water, and from two to five miles in length. Captain d’Urville 
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ascertained one of them which he saw floating in the Southern 
Ocean to be 13 miles long and 100 feet high, with walls perfectly 
vertical. The submerged portions of such islands must, according 
to the weight of ice relatively to sea-water, be from six to eight times 
more considerable than the part which is visible, so that when they 
are once fairly set in motion, the mechanical force which they might 
exert against any obstacle standing in their way would be prodi- 
gious.* A considerable proportion of these floating masses of ice is 
supposed not to be derived from terrestrial glaciers, but to be formed 
at the foot of cliffs by the drifting of snow from the land over the 
f rozen surface of the sea, the snow by repeated melting and regela- 
tion being in time converted into ice. But most of the bergs of the 
Southern Ocean are formed in the same way as tlie principal ones 
in Baffin’s Bay; for Dr. Hooker informs me that the ice of the 
Antarctic Continent, or Victoria Land, like that of Greenland, as 
described by Kink, is strewed over with rocky fragments, there 
being always some bare precipices and mountain peaks protruding 
f rom the great wilderness of snow from which moraines may bo de- 
I’ived. These moraines are carried down to the coast and then 
floated northwards on detached icebergs to great distances. 

AVe learn, therefore, from a study both of the arctic and antarctic 
regions, that a great extent of land may be entirely covered through- 
out the wliole year by snow and ice, from the summits of the loftiest 
mountains to the sea coast, and may yet send down angular erratics 
to the ocean. We may also conclude that such land will l)eeome in 
the course of ages almost everywhere scored and polished like the 
rocks which underlie a glacier. The discharge of ice into the sur- 
rounding sea will take place principally through the main valleys, 
althougli tlieso are liiilden from our sight. Erratic blocks and mo- 
raine matter will be disj)ersed somewhat irregularly after reaching 
the s(‘u, fur not only will prevailing winds and marine currents 
govern the distribution of the drift, but the shape of the submerged 
area will have its influence ; inasmuch as floating ice, laden with 
stones, will pass freely tlirough deep water wliile it will run aground 
where there are reefs and shallows. Some icebergs in Baffin’s Bay 
have been seen stranded on a bottom 1000 or even lo(K) feet deep. 
In the course of ages such a sea-bed may become densely covered 
wdth transported matter, from which some of the adjoining greater 
depths may be free. If, as in West Greenland, the land is slowly 
sinking, a large extent of the bottom of the ocean will consist of 
roc'k polished and striated by land-ice, and then overspread by mud 
and boulders detached from melting bergs. But other large areas 
of the bed of the sea will also be marked by the repeated friction 
of masses of floating ice, some of them several miles in diameter, 
which, when they strand on a gently shelving reef, must grate along 
the bottom for some di&tance before their course is arrested. The 
plasticity of ice, or its capability, by whatever theory explained, of 
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moulding itself suddenly into new forms under great pressure is so 
remarkable, that when enormous masses of it are floating, and moving 
at the rate of two or more miles an hour, they must, on arriving at 
a shelving floor of rock, adapt their forms to its surface, and often he 
forced with violence into any cavities which the uneven bottom mny 
present. Before the momentum of so vast a volume of matter can l>e 
overcome, the ice, moving with what may be called great velocity, 
w’hen contrasted with the insensible progress of a glacier, must give 
rise to no small trituration of rock. This will be the more sure to 
happen, because the largest bergs, by their uncHjual rate of melting 
al)ove and below water, are continually capsizing, the centre of 
gravity often shifting ; and by such changes the superficial moraines, 
often firmly frozen into the ice, are carried down tofiSrm the base of 
the iceberg, and supply sand and stones for polishing and scoring th<^ 
ocean’s floor. Tlie submarine strim and grooves may as uniform 
in their direction, and as parallel as those scooped out by glaciers in 
an inland valley ; for in the same tracts the floating ice-islands will 
annually take the same course at corresponding seasons of the year, 
being carried by similar winds and currents in the same direction. 
Their vast size also must often tend to give an uniformity to their 
scoring action, over a space several miles in width. Could we ima- 
gine buildings such as St. Peter’s or St. Paul’s to be submerged, and 
an iceberg, several miles in diameter and two thousand feet in 
height, advancing with the velocity of two or three miles an hour to 
strike them, it is evident they must be thrown down as readily a.s 
were the stone w^alls of the peasants’ chalets in the (*arly part of tin* 
present century by the Gbrncr glacier above Zermatt. We may, 
therefore, fairly presume that Avhenever a submerged area which 
liad once been traversed by floating and occasionally stranding 
icel)ergs is converted into land by upheaval, it will display on 
its surface most of the characteristics which mark the form<*r 
agency of glaciers on dry land. No sharp pinnacles of rocks can be 
left standing, since they will all have been worn down and reduced 
to dome-shaped masses, while scratches and long grooves will every- 
where be left on rocky surfaces. Even till, or un.stratified matter, 
undistiuguisliable from ordinary moraines, will rarely be wanting. 

Those who have had opportunities of inspecting, in the .sea off 
the coast of Labrador, packs of icebergs which have run aground in 
water having sometimes a depth of many hundred feet, descrifx* 
lagoon-like expanses of sea perfectly quiet, and free from all agita- 
tion of the waves of the Atlantic. These ar«as of still water are 
surrounded on all sides by icebergs from 100 to 300 feet high, fre- 
quently containing moraine matter on their surface, or frozen into 
them. Such icy masses may remain aground for weeks or months, 
until they are reduced by melting to a size which admits of their 
floating oflT and resuming their wanderings. The mud, sand, and 
boulders which they let fall in still water must be exactly like the 
moraines of terrestrial glaciers, devoid of stratification and organic 
remains. But occasionally, on the outer side of such packs of 
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Htranded bergs, tbe waves and currents may cause the detached 
earthy and stony materials to be sorted according to size and weight 
before they reach the bottom, and to acquire a stratified arrange- 
ment. 

I have already alluded (p. 145.) to the large quantity of ice, con- 
taining great blocks of stone, which are sometimes seen floating far 
from land, in the southern or Antarctic seas. It is evident that such 
glacial drift, wherever it may happen to alight on tlie floor of the 
ocean, will have no connection with the external shape, or internal 
composition, of the rocks on wliich it may chance io fall After the 
emergence, therefore, of such a sub-marine area, the superficial 
detritus will l^ve no necessary relation to the hills, valleys, and 
river-plains over which it will be scattered. Many a water-shed 
may intervene between the starting-point of each erratic or pebble 
and its final resting-place, and the only means of discovering the 
country from which it took its departure will consist in a careful 
c()m])arisoii of its mineral or fossil contents with those of the parent 
rocks. 

It will be seen in the next chapter that throughout large parts of 
Scotland, Scandinavia, and other countries, the till and boulders arc 
HO connected in mineral and lithological character with the structure 
of the hills and valleys belonging to the hydrographical basins over 
which they are strown, that they must have been produced by land- 
glaciers, although in the same regions drift of submarine origin is 
occasionally met with. 
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CHAPTER XIL 

POST-PLIOOENE PERIOD, CONTINCED. — GLACIAL EPOCH, 
CONCLUDED. 

Glaciation of Scandinavia and Russia - Glaciation of Scotland - Marine shells in 
Scotch glacial drift — Their Arctic character- -Rarity of organic remains in 
glacial deposits — Contorted strata in drift — Glaciation of Wales, England, and 
Ireland — Marine shells of Moel Tryfaen — Norfolk drift — Glacial formations of 
North America — How for of submarine origin— Many species of testacca and 
quadrupeds survived the glacial cold — Connection of the predominaiice of lakes 
with glacial action— Morainic lakes — Objections to the hypothesis of the erosion 
of large lake-basins by ice — Conversion of valleys of denudation into lakes by 
upward and downward movements — Action of icc in preventing the silting-up 
of lake-basins — How the bed of a sea where icebergs have abounded may, on 
emerging, afford lake-basins — General causes of change of climate— Sub- 
mergence of the Sahara in the Post-plioccne period a cause of Alpine cold— 
Meteorites in drift. 

Having in the last cliapter described the permanent effects which 
continental ice, glaciers and icebergs, imprint on the surface, I shall 
now proceed to describe some of the geological monuments of ice- 
action of tnore ancient date, or of the Post-pliocene period, observa- 
ble in Europe and North America. 

Glaciation of Scandinavia arid Russia. — In large tracts of Norway 
and Sweden, where there have been no glaciers in historical times, 
the signs of ice-action have been traced as high as 6000 feet above 
the level of the sea. These signs consist chiefly of polished and 
furrowed rock surfaces, of moraines and erratic blocks. The direc- 
tion of the erratics, like that of the furrows, has usually been con- 
formable to the course of the principal valleys ; but the lines of 
both sometimes radiate outwards in all directions from the highest 
land, in a manner which is only explicable by the hypothesis of a 
general envelope of continental ice, like that of Greenland, noticed 
in the last chapter. Some of the far-transported blocks have been 
carried from the central parts of Scandinavia towards the Polar 
regions; others southwards to Denmark; some south-westwards, to 
the coast of Norfolk in England ; others south-eastwards, to Ger- 
many, Poland, and Russia, and to these same countries small stones 
and finer matter have also been conveyed, evidently by the aid of 
floating ice. The southern and south-eastern limits of this drift 
have been well marked out by Sir Roderick I. Murchison and 
his fellow-labourers, M. de Verneuil and Count Keyserling, in a map 
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illustrating their great work on the geology of Russia ; and they 
have pointed out how this drift proceeded eccentrically from a 
common central region.” 

It appears from tlieir observations that the blocks, scattered over 
large districts of Russia and Poland, agree precisely in mineral 
character with rocks of the mountains of Lapland and Finland ; 
while the masses of gneiss, syenite, porphyry, and trap, strewed over 
the low sandy countries of Pomerania, Holstein, and Denmark, are 
identical in their composition with the mountains of Norway and 
Sweden. 

It is found to bo a general rule in Russia, that the smaller blocks 
are carri(*d to greater distances from their point of departure than 
the larger; the distance being sometimes 800, and even 1000, miles 
from tlie nearest rocks from which they were broken oiY ; the di- 
rection liaving been from N.W. to S.E., or from the Scandinavian 
mountains over the seas and low lands to the south-east. That its 
accumulation throughout this area took place in })art during the 
Post-pliocene period is proved by its superposition at several points 
to strata containing recent shells. Thus, for example, in European 
Russia, Sir R. Murchison and his associates found in 1840, that the 
fiat country between St. Petersburg and Archangel, for a distance 
of ()(K) miles, consisted of horizontal strata, full of shells similar to 
tliosc now inhabiting the Arctic Sea, and on these rested the boulder 
formation, containing large erratics. 

In Sweden, in the immediate neighbourhood of Upsala, I had ob- 
served, in 1834, a ridge of stratified sand and gravel, in the midst 
of which occurs a layer of marl, evidently formed originally at the 
bottom of the Baltic, by the slow growth of the mussel, cockle, and 
other marine shells of living species, intermixed with some proper to 
fresh water. The marine shells are all of dwarfish size, like those 
now inhabiting the brackish waters of the Baltic ; and the marl, in 
which myriads of them are embedded, is now raised more than 100 
feet above the level of the Gulf of Bothnia. Upon the top of this 
ridge repose several huge erratics, consisting of gneiss for the most 
part unrounded, from 9 to 16 feet in diameter, and which must have 
been brought into their present position since the time when the 
neighbouring gulf was already characterised by its peculiar fauna,* 
Here, tlierefore, we have proof that the transport of erratics con- 
tinued to take place, not merely when the sea was iuhabited by the 
existing testacea, but when the north of Europe had already assumed 
that remarkable feature of its physical geography, which separates 
the Baltic from the North Sea, and causes the Gulf of Bothnia to 
have only one-fourth of 4he saltness belonging to the ocean. In 
Denmark, also, recent shells have been found in stratified beds, 
closely associated with the boulder clay. 

It was stated that in Russia the erratics diminished generally in 
size in proportion as they are traced farther from their source. The 

• See paper by the Author, Phil. Trans., 1835, p, 15.. 
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same observation holtls true in regard to the average bulk of the 
Scandinavian boulders, when we pursue them southwards, from tin* 
south of Norway and Sweden through Denmark and Westplialia. 
This phenomenon is in perfect harmony with the theory of ice-island> 
floating in a sea of variable depth; for the heavier erratics retjuire 
icebergs of a larger size to buoy them up ; and, even wdiea there are 
no stones frozen in, more than seven -eighths, and often nine-tentlis, 
of a mass of drift-ice is under water. The greater, therefore, the 
volume of the iceberg, the sooner would it impinge on some shallower 
part of the sea ; while the smaller and lighter does, laden with fiiiei 
mud and gravel, may pass freely over the same banks, and be car- 
ried to much greater distances. In those places, also, whei'e in the 
^course of centuries blocks have been carried southwards by coast- 
ice, having been often stranded and again set afloat in the direction 
of a prevailing current, the blocks will diminish in size the farther 
they travel from their point of departure, for two reasons : lirst, 
because they will bo repeatedly exposed to wear and tear by the 
action of the waves ; secondly, because the largest blocks are seldom 
without divisional planes or ‘‘joints,*' which cause them to split 
when weathered. Hence, as often ns they start on a fresh voyage, 
becoming buoyant by coast-ice which has frozen on to them, one 
portion of the mass is detached from the rest. An examination 
wliich I made in 1852 of several trains of liuge erratics in lat. 42 
50' N. in the I'liited Stales, in Berkshire, on the western coufine> 
of ^Massachusetts, has convinced me that this cause has been very 
intlueutial both in reducing the size of erratics, and in restoring 
angularity to Idocks which might otherwise be rounded in proportion 
to their distance from tlieir original starting-point. 

Glaciation of Scotland , — Professor Agassiz, after visiting Scot- 
land in 1840, came to the opinion that the Grampians had been 
covered by a vast thickness of ice, and had once, like the Alps, been 
an independent centre, whence erratic blocks were dispersed in all 
directions. Mr. Robert Chambers, in 1848, maintained in like man- 
ner that Scotland had once been “ moulded in ice,’* wdiicli liad 
everywhere smoothed and scratched the rocks, and ground them 
down so as to enlarge and widen many valleys. Mr. T. F. Jamieson, 
following up the same line of investigation in 1858, adduced a great 
body of additional facts to prove that the Grampians once sent down 
glaciers from the central regions in all directions towards the sea. 
“ The glacial grooves,” he observed, “ radiate outwards from the 
central heights towards all points of the compass, although they do 
not always strictly conform to the actual shape and contour of the 
minor valleys and ridges.” 

In many parts of Scotland, and conspicuously in the basin of the 
Forth, there is a form of hill to which Sir James Hall gave the 
name of “ Crag-and-tail.” Isolated ice-worn hills, or knolls, present 
polished faces to the west and north-west in the district alluded to, 
with rough declivities to the east and south-east, or where the tail 
ocq|irs. It is a common error, says Mr. Geikie, to suppose that this 
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tail ” consists merely of detritus, heaped up on the lee-side of each 
hill, for often it is composed in great part, like the west side or 
“ crag/’ of solid rock, but usually with a considerable covering of 
boulder clay.* ** 

According to Mr. T. F. Jamieson, on extending our survey of 
Scotland we find many examples of such “ crag,” or natural escarp- 
ments, facing the inland country, or that from which we may 
suppose a mass of continental ice to have descended, whereas the 
“ tail ” or mound of sand, and boulders, occupies the seaward side. 
It has also been remarked in Scandinavia that abrupt protuberances 
and outstanding ridges of rock are often polished and furrowed on 
the side facing the region from which the erratics have come (usually 
on the north side in Norway) ; while on the other, or “lee-side,”# 
such superficial njarkings are wanting. There is usually a collection 
on this lee-side of boulders and gravel, or of large angular fragments. 
In explanation, we may imagine that the north side was exposed, 
wIhui still submerged, to the action of icebergs, and afterwards, 
when the land was rising, of coast-ice, which ran aground upon 
shoals, so that there would be great wear and tear on that exposed 
side, whereas on the opposite or south slope, gravel and boulders 
might accumulate in a sheltered position. 

The facts above alluded to, and other characteristics of the Scotch 
drift, led Mr. Jamieson to infer, first, that in the early part of the 
glacial period Scotland stood much higher than at present, so that 
there was a general covering of snow and ice, which, as it slid down 
to lower lev(‘ls, polished the subjacent rocks, and swept off from the 
surface must of the pre-existing alluvium, leaving in its place till 
and boulders in various j)arts. Secondly, that to this succeeded a 
period of depression and partial submergence, when the sea advanced 
and gradually covered the greater part of the country, when floating 
iee abounded, and when some marine drift with arctic shells was 
deposited. Thirdly, that the land re-emerged from the water, and, 
reaching a level somewhat above its present heights, became con- 
nected with the Continent of Europe, glaciers being formed once 
more in the higher regions, though the ice probably never re- 
gained its former cxtension,| After all these clianges, there were 
some minor oscillations in the level of the land, on which, although 
they have had important geographical consequences, separating 
Ireland from England, for example, and England from the continent, 
we need not here enlarge. 

Mr. Geikie has arrived at the same general conclusions as Mr. 
Jamieson, with respect to the principal movements of the land in 
Scotland. The great mass of till, of which in some of the lower 
valleys the thickness exceeds 150 feet, he attributes not to icebergs, 
but to ice action on land, for it consists of the debris of rocks, every- 
where found in situ in the same hydrographical basin. The absence 

* Glacial Drift of Scotland ; Glasgow, 1863. p. 30. 

*1 Quart. Geol. Joum., I860, vol xvL p. 870. 
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of marine shells is at once accounted for if we assume it to be of 
glacier origin. The rarity of aiigular stones, those in the till being 
usually rounded or sub-angular, and the number of fragments 
polished and striated on one or several sides, may also be explained 
by supposing the till to have been shoved along under a heavy mass of 
ice, like that of Greenland, instead of forming parts of superficial mo- 
raines, carried down without trituration on the top of the ice* If, 
in accordance with the views above set forth, wo admit a second 
glacial period, when the land was re-elovated after the great sub- 
mergence, the action of ice at this later date may well be supposed 
to have obliterated almost all signs of the sojourn of the sea uj>on 
the land in the highest regions, where the cold was most intense ; but 
in the lower country, some patclies of marine strata with arctic 
shells might more easily escape destruction. 

The greatest height to which marine shells have yet been traced in 
Scotch drift is only 524 feet above tlie level of the sea, at which eleva- 
tion they have l>een observed at Airdrie, fourteen miles south-east of 
Glasgow. At that spot they were found eijibedded in stratified clays 
with till above and below them. There appears no doubt that the 
overlying deposit was true glacial till, as some boulders of granite 
were observed in it, which must have come from distances of sixty 
miles at the least.* 


Fig. 129. 
Astarte borcahs. 




Fig. 131. 
Siucicata rugoia. 


Fig. 130. 
Lfda (tbltmga. 



Fig. 132, Fig. 133. Fig. 134. 

Pecten islandicus. Nalica clauta. Tropkon clathratum 




Northern shells common in the clria of the Clyde, in Scotland. 


The shells here figured are only a few out of a large assemblage 
of living species, which, fhken as a whole, bear testimony to condi- 
tions far more arctic tlian those now prevailing in the Scottish seas. 
But a group of marine shells, indicating a still^reater excess of cold, 
has been brought to light since 1860 by the Rev. Thomas Brown, 
from glacial drift or clay on the borders of the estuaries of the Forth 
and Tay. This clay occurs at Elie in Fife, and at Errol in Perth- 
shire ; and has already afforded about 35 shells, all of living species, 
and now inhabitant of arctic regions, such as Leda truncata^ Tel* 
linaproxima (see figures, page 154.), Pecten Grcenlandicu$y Crenella 
Icevigaia^ Gray, Crenella nigra, Gray, and others, some of them first 
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brought by Captain Sir E. Parry from the coast of Melville Island, 
latitude 76® N. These were all identified in 1863 by Dr. Torell, 
who had just returned from a survey of the seas around Spitz- 
bergen, where he had collected no less than 1 50 species of mollusca, 
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living chiefly on a bottom of fine mud derived from the moraines of 
melting glaciers which there protrude into the sea. lie informed 
me that the fossil fauna of this Scotch glacial deposit exhibits not 
only the species but also the peculiar varieties of mollusca now cha- 
racteristic of very high latitudes. Tiieir large size implies that they 
formerly enjoyed a colder, or, what was to them a more genial 
climate, than that now prevailing in the latitude where they occur. 
Marine shells have also been found in the glacial drift of Caithness 
and Aberdeenshire at heights of 250 feet, and in Banff of 350 feet, 
an<l stratified drift continuous with the above ascends to heights of 
500 feet. There are, likewise, other deposits in Scotland very 
similar in character but devoid of shells more than iOOO feet high, 
resting on rocks grooved and polished by icc-action. The want of 
marine shells in these last has naturally inclined some geologists to 
suspect that they may have been deposited in glacier lakes, f|pd this 
opinion may ho correct, although on this subject there is no small 
danger of drawing false conclusions from negative evidence, so par- 
tially do organic remains occur in glacial formations even in those 
of indubitably marine origin. When the gravel and sand are of a 
porous nature, we can easily account for the decomposition of the 
shells and their total disappearance in the course of thousands of 
years, but a large part of the Scotch till is so impervious to water 
that the absence of fossil testacea leads us rather to suspect that it 
was originally the moraine of a terrestrial glacier, and, therefore, 
from the first devoid of shells. 

I formerly suggested that tlie absence of all signs of organic life 
in a great portion of this drift might be connected with the severity 
of the cold, and also in some places with the depth of the sea during 
the period of extreme submergence ; but my faith in such an hypo- 
thesis has been shaken by modern investigations, an exuberance of 
life having been observed both in arctic and antarctic seas of great 
depth, and where floating ice abounds. Thus, Dr. Hooker enume- 
rates Crustacea, mollusca, serpulsB,and other invertebrata, at depths of 
200 and 400 fathoms off Victoria Land, between latitudes 71° and 
78° S., and animal life was traced even to a depth of 550 fathoms ; 
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whilst MM, Torell and Chydenius in 1861 obtained mollusea, be- 
tween Spitzbergen and Norway, at the enormous depths of 1000 and 
1500 fathoms, the temperature of the mud being tetween 32*^ and 
33® Fahrenheit. 

We have s€*en that the scoring and polishing of the rocks in 
Scotland, as in Sweden and elsewhere, is not confined to the land, 
but is seen to pass under the sea, the same furrows being so continu- 
ous as to imply that glaciers or continental ice once acted on a sur- 
face now submerged. Mr. Geikie observes that, on the west coast 
of Scotland, these glacial markings are almost always fresher at and 
below the present sea-level than at higher levels. In some places, 
even where the ice-inoulded rocks are washed by the waves of the 
sea, they retain their finer striae, and bosses of rock their rounded 
and smoothed surfaces. Yet, at an elevation of 20 feet and upwards, 
the rounded outlines are broken, and all the exposed surfaces disin- 
tegrated by the water. In explanation of these peculiar appearances, 
he supposes, first, the sinking of land which had been polished and 
striated by continental ice in the manner before alluded to, page 144. ; 
secondly, a very recent date for the upheaval of the lowest 25 feet 
of the coast, a suggestion confirmed by the occurrence of a raised 
beach in which the recent shells agree with those of the adjoining 
sea, and indicate a less glacial climate than those of an older beach 
found at a higher level, or about 40 feet above high-water mark. 
The upper of the two beaches has suffered more from atmospheric 
action than the lower, and has evidently been exposed for a much 
longer time. 

Besides the proofs afforded by shells nt the height of about 5(X) 
feet, there are also on the mountains of many pai*ts of Scotland, as, 
for example, on tlie Grampians, and on the Sidlaw and Pentlarid 
Hills, erratic blocks, at heights from 1000 to 2000 feet and upwards, 
so wholly unconnected with the mineral structure of the region where 
they lie, that they seem to point to a former period of submergence 
and floating ice. There is also another curious phenomenon bearing 
on this subject which the late Hugh Miller styled the striated 
“ pavements ” of the boulder clay. Where portions of the till have 
been removed by the sea on the shores of the Forth, or in the in- 
terior by railway cuttings, the boulders embedded in what remains of 
the drift are seen to have been all subjected to a process of abrasion 
and striation, the stria© and furrows being parallel and persistent 
across them all, exactly as if a glacier or iceberg had passed over 
them and scored them in a manner similar to that which the solid 
rocks below the glacial drift have so often undergone. It is possible, 
as Mr. Geikie conjectures, that this second striation of the boulders 
may be referable to the second era of drift or floating ice.* 

Contorted Strata in Drift , — In Scotland the till is often covered 
with stratified gravel, sand, and clay, the beds of which are some- 
times horizontal and sometimes contorted for a thickness of several 


* Geikie, ibid. p. 68. 
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feet Such contortions are not uncommon in Forfarshire, where I 
observed them, among other places, in a vertical cutting made in 
1840 near the left bank of the South Esk, east of the Bridge of 
Cortachie. The convolutions of the beds of fine and coarse sand, 
gravel, and loam, extend through a thickness of no less than 25 feet 
perpendicular, or from b to c, fig. 137., the horizontal stratification 
being resumed very abruptly at a short distance, as beyond / g. 
The overlying coarse gravel and sand a, is in some places horizontal, 
in others it exhibits cross bedding, and does not partake of the dis- 
turbances whi(di the strata 5, c, have undergone. The underlying 
till is exposed for a depth of about 20 feet ; and we may infer from 
sections in the neighbourhood that it is considerably thicker, and 
that it rests on the edges of highly inclined strata of old red sand- 
stone, as represented in the section. 


Fig. 137. 



Section of .contorted drift overlying till, «pen on left bank of South E«k, near Cortachie, In 1840 
Height of section seen, Irom a to cf, about .K) feet. 
a, Supf‘rficial sand, with some beds of coarae gravel with crovss bedding In parti — 4 feet. 
i>,c. Contorted In-ds *25 feet in vertical height, by the side of which, in the same continuous 
section, are seen horizontal beds of stratified drift, some of them with coarse gravel 
and large boulders. 

c, d, Unstratifled red till, with large boulders of granite, gneiss, quartzite, &c., 20 feet 

thick, the red loam being derived from triturated old red taadstoue. 

d, d'. Similar till continued, thickness unknown. 

€, Inclined strata of old red sandstone, not laid open in this place. 


In some cases I have seen fragments of stratified clays and sands, 
bent in like manner, in the middle of a great mass of till. Mr. 
Trimmer has suggested, in explanation of such phenomena, the in- 
tercalation in the glacial period of large irregular masses of snow or 
ice between layers of sand and gravel! Some of the cliffs near 
Behring’s Straits, in which the remains of elephants occur, consist 
of ice mixed with mud and stdnes ; and Middendorf describes the 
occurrence in Siberia of masses of ice, found at various depths from 
the surface after digging through drift. We are as yet unacquainted 
with the mode of operation by which such intermixtures of earthy 
matter and ice are commonly produced, but we may easily conceive 
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their occurrence in Siberia, where the rivers flow from south to north, 
so that the thaw begins in the country where they take their rise, 
while in the lower regions which they overflow their channels are 
still choked up with ice and snow. In the arctic and antarctic 
regions also, the frozen surface of the sea at the base of lofty cliffs 
is sometimes seen to be the receptacle first 6f mud and sand, washed 
down from the land when there is a thaw, and then, when the cold 
returns, of dense masses of snow drifted by the wind over the edge 
of the cliff. Ice-rafts, supporting such alternations of snow and of 
earthy and stony matter, have been seen floating from place to phvce 
in polar latitudes. Whenever the intercalation of snow and ice 
with drift, whether stratified or unstratified, has taken place, the 
melting of the ice will cause such a failure of support as may give 
rise to flexures, and sometimes to the most coniplicated foldings. 

But in many cases the strata may have been bent and deranged 
by the mechanical pressure of an advancing glacier, or by the side- 
way thrust of huge islands of ice running aground against sand- 
banks ; in which case, the position of the beds forming the founda- 
tion of the banks may not be at all disturlxMl by the shock. Mr. 
Geikie has described examples, in the basin of the Clyde, of ex- 
tremely contorted beds of sand and clay, which he attributes to 
powerful pressure experienced under a glacier or mass of continental 
ice. 

It should also be borne in mind that lateral pressure may be ex- 
erted simply by the weight of a heavy mass of materials thrown 
down on some adjoining area, to which [)liant beds of clay and sand 
may extend. When a railway embankment is tlirown across a marsh 
or across the bed of a drained lake, we frequently find tliat the foun- 
dation, consisting of peat and shell-marl, or of quicksand and mud, 
gives way, and sinks as fast as the embankment is raised at the top. 
At the same time, there is often seen at the distance of many yards, in 
some neighbouring part of the morass, a squeezing up of pliant 
strata, the amount of upheaval depending on the volume and weight 
of materials heaped upon the embankment. In 1852 I saw a re- 
markable instance of such a downward and lateral pressure, iu the 
suburbs of Boston (U. S.), near tlie South Cove. With a view of 
converting part of an estuary overflowed at high tide into dry land, 
they had thrown into it a vast load of stones and sand, upwards of 
900,000 cubic yards in volume. Under this weight the mud had 
sunk down many yards vertically. Meanwhile the adjoining bottom 
of the estuary, supporting a dense growth of aelt-water plants, only 
visible at low tide, had been pushed gradually upward, in tlie course 
of many months, so as to project five or six feet above high-water 
mark. The upraised mass was bent into five or six anticlinal folds, 
and below ^hife upper layer of turf, consisting of salt-marsh plants, 
mud was seen above the level of high tide, full of sea-shells, such as 
Mya arenaria, Modiola plicatula^ Sanguinohiria fusca^ Nassa ohso^ 
leta^ Natica triseriatOy and others. In some of these curved beds 
the layers of shells were quite vertical. The upraised area was 75 



158 


GLACIATION OF WALES, 


[Cb. XIL 


feet wide, and several hundred yard* long. Were an equal load, 
melted out of icebergs or coast-ice, thrown down on the floor of a 
sea, consisting of soft mud and sand, similar disturbances and contor- 
tions might result in some adjacent pliant strata, yet the underlying 
more solid rocks might remain undisturbed, and newer formations, 
perfectly horizontal, might be afterwards superimposed. 

Glaciation of Wales, England, and Ireland . — The mountains of 
North Wales were recognised, in 1842, by Dr. Buckland, as having 
been an independent centre of the di8j>ersion of erratics,— great 
glaciers, long since extinct, having radiated from the Snowdonian 
heights in Carnarvonshire, through seven principal valleys towards 
us many points of the compass, carrying with them large stony frag- 
ments, and grooving tlie subjacent rocks in as many directions. 

Besides this evidence of land glaciers, Mr. Trimmer had previously, 
in 1831, detected the signs of a great submergence in Wales in the 
Post-pliocene period. He had observed stratified drift, from which 
he obtained about a dozen species of marine shells, near the summit 
of Moel Tryhien, a hill 1400 feet high, on the south side of the 
Menui Straits. Although his observations were afterwards con- 
firmed by the late E. Forbes, and still later by Mr. Prcstwich 
and Professor Kamsay, doubts as to the nature a?id age of tlie 
deposit still lingered in many minds. But on tliese subjects all 
doubt has at length been removed by aid of a long and deep cutting 
made through tlie drift in 18()3 by the Alexandra Mining Company 
in search of slates. In this cutting a stratified mass of incoherent 
sand and griivel, 35 feet thick, was laid open near the summit of 
Mo(‘l Tryfaen, containing shells, some entire, but most of them in 
fragments. In the summer of 1863 I examined the newly-opened 
section in company with the Rev. W. S. Symonds, and we obtained 
20 species of shells on the spot, and found in the lowest beds of the 
drift large lieavy boulders of far-transported rocks, glacially polished 
and scratched on more than one side. Underneath the whole we 
saw the edges of vertical slates exposed to view, which here, like 
tl»o rocks in other [nu ts of Wales, some at greater and some at 
less elevations, exhibit, beneath the drift, unequivocal marks of 
jiroloriged glaciation. Mr. R. D. Darbishire, after a diligent search 
in 1863, formed a collection from this same drift of Moel Tryfaen 
of no less than 54 species of mollusca, besides three characteristic 
arctic varictiCvS — in all 57 forms. They belong without exception 
to species still living in British or more northern seas; eleven of 
them being exclusively arctic, four common to the arctic and British 
seas, and a large pro[)ortion of the remainder having a northward 
range, or, if found at all in the southern seas of Britain, being com- 
paratively less abundant. 

The whole deppsit has much the appearance of an accumulation 
in shallow water or on a beach, and it probably acquired its thick- 
ness during the gradual subsidence of the coast — an hypothesis which 
would require us to ascribe to it a high antiquity, since we must 
allow time, first for its sinking, and then for its re-elevation. As the 
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layers of shell-bearing sand and gravel are so porous, we may natu- 
rally feel surprise that they have escaped decomposition. To account 
for this^ Mr. Darbishire suggests that a bed of overlying clay, nearly 
two feet thick, may, by its impermeable nature, have prevented the 
fossils from being dissolved by the jx^reolation of rain-water. 

The elevation reached by these fossil shells on Moel Tryfaen is no 
less than LKK) feet — a most ira[)ortant fact when we consider that we 
have scarcely a well-authenticated case as yet on record beyond the 
limits of Wales, whether in Europ(5 or North America, of marine 
shells having been found in glacial drift at half the height above 
indicated. 

Mr, Darwin, after studying the Welsh glacial drift previously 
shown by Mr. Trimmer to have been of submarine origin, came to 
the opinion that the land, when it was re-uphoaved to its present 
height, was covered a second time, at least in the higher valleys, by 
glaciers which swept the surface clean of all the rubbish left by the 
sea.* 

Professor Ramsay, also, in a ‘‘ IMemoir on the Wtdsh Glaciers,’* in 
IBolf, announced his conviction that there had been, first, an in- 
tensely cold period when the land Avas more elevated than now, then 
a submergence beneath the sea, and lastly, are-elevation attended by 
a second period of glaciers. Although he had not been able to trace 
marine shells in tlie drift to a level exceeding 1300 feet above the sea, 
he estimated the probable amount of submergence during some part 
of the ghicial period at about 2300 feet ; for lie was unable to divS- 
tinguish the superficial sands and giavol which reached that high 
elevation from the drift which, at Moel Tryfaen and at lower points, 
contains shells of living species. 

The evidence of the marine origin of the highest drift is no doubt 
inconclusive in the absence of shells, so great is the resemblance of 
the gravel and sand of a sea beach and of a river’s bed, when organic 
remains are wanting ; but, on the other hand, when we consider the 
general rarity of shells in drift which we know to be of marine 
origin, we cannot suppose that, in the shelly sands of Moel Tryfaen, 
we have hit upon the exact u})permo.st limit of marine deposition, 
or, in other words, a precise measure of the submergence of the land 
beneath the sea during the glacial period. 

We are gradually obtaining proofs of the larger part of England 
north of a line drawn from the mouth of the Thames to the Bristol 
Channel, having been under the sea and traversed by floating ice 
since the commencement of the glacial epocji. Among recent ob- 
servations illustrative of this point, I may allude to the discovery, 
by Mr. J. F. Bateman, near Blackpool, fifty miles from the sea, and 
at the height of 668 feet above its level, of till containing rounded 
and angular stones and marine slieils, such as Turritella communis^ 
Purpura lapillus, Cardium edule, and others, among which Tro- 
phon clathratum (=:Fusus Bamjffius), though still surviving in 

■* Philosophical Magazine, scr. 3., vol. xxi. p. 180. 

t Quart. GeoL Joum,, 1852, vol. viii. p. 372. 
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North British seas, indicates a cold climate. Drift of similar cha- 
racter covers a large part of Ireland, although marine shells have 
not been detected in it at greater height than 600 feet, and very 
rarely higher than 500 ; but there can be no doubt that that island, 
like the greater part of England and Scotland, was for ages an 
archipelago traversed by flpating ice. There was first a period 
when Ireland formed part of the continent of Europe, from whence it 
received the plants and animals now inhabiting it. In some part of 
this period its rocks were largely smoothed and striated by ice-action 
in the more mountainous regions. After this there was great sub- 
sidence, and the conversion of the island into an archipelago, fol- 
lowed by a re-elevatiou of land and a second continental period, 
and, after all these changes, a final separation from England and 
Wales.* 

Norfolk Drift . — In England the monuments of the period of sub- 
mergence can nowhere be so advantageously studied as in the clifls 
of the Norfolk coast between Happisburgh and Cromer. Vertical 
sections, varying in height from 30 to 300 feet, are there exposed to 
view for a divStance of about fifty miles, where the series of formations, 
beginning with the lowest, is as follows : — First, chalk, with flints 
in nearly horizontal strata ; secondly, Norwich Crag, or a marine 
tertiary formation of the Newer Pliocene era, which extends from 
Weybourne siwcn miles to Cromer, and then thins out ; thirdly, the 
forest bed, chiefly composed of vegetable matter, with scattered 
cones of the Scotch and spruce firs, and many other recent plants, and 
with bones of the elephant and of other extinct and living species 
of inainnialia. In this forest bed the stumps of many trees stand 
erect with their roots in an ancient soil. Fourthly, a fluvio-marine 
aeries, with abundant lignite beds, and with alternations of fresh- 
water and marine strata of sand and clay, the shells being all of 
recent species ; fiftlily, firmly laminated blue clay without fossils, on 
which rests the boulder clay of the glacial period, from 20 to 80 
feet thick, with far- transported erratics, some of them polished and 
scratched; sixthly, contorted drift; seventhly, superficial gravel and 
sand. 

In the Norwich Crag above mentioned, which will be described in 
chap, xiii., there is a small mixture (about 12 per cent.) of extinct 
species of shells, but in the overlying formations, beginning with the 
forest bed, the species are identical with those now living, and it is 
remarkable that, while the plants in the forest bed and lignite are 
such os now exist in Europe, and are nearly all of them indigenous 
in Gimt Britain, the mammalian fauna contains many conspicuous 
species which no longer survive in any part of the globe. Among 
these last, as appears from the rich collections of Messrs. Gunn and 
King, are no less than three species of elephant, namely, first, the 
mammoth, E. primigenius ; secondly, the elephant first observed in 
the Val d’Arno, J?. meridionalisy Nesti ; and, thirdly, E. antiquus, 

* See Antiquity of Man, by the Author, chap, xiv. i 
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in smaller numbers than the two former. These are accoai|iaiHeU 
by Bhinoceros etf^scus (a species first obtained from beds of the 
same age near Florence), Hippopoiamu$ major^ the common pig, a 
species of horse and of bear, the common wolf, a bison, the large 
Irish deer, the reindeer, and other deer, the common beaver, besides 
a larger extinct species, also the walrus, narwhal, and some others. 
They amount in all to about 20 species, of which rather more than 
half are extinct. 

It will be seen in the next chapter that the shells of some of the 
latest deposits of Norwich Crag show that great cold prevailed in 
the British seas before the close of the Newer Pliocene period ; 
when we speak, therefore, of the vegetation and quadrupeds of the 
Cromer forest being pre-glacial, we merely mean that they preceded 
the era of the general submergence of the British Isles beneath the 
waters of the glacial sea. That they were anterior to that submer- 
gence may be inferred from the superposition on the forest and 
lignite beds of the vast load of boulder-clay above alluded to, which 
contains far-transported blocks, some of Scandinavian origin, and 
probably floated from the north when Norway and Sweden were 
as much covered with ice as the modern continent of (Trcenland. 
Other portions of the till may have come from the north-west, as 
they comprise the wreck of the Cretaceous, Oolitic and older British 
formations. , 

The fluvio-marine series affords distinct evidence of several alter- 
nations of fluviatile, marine, and terrestrial conditions. Besides the 
forest bed, for example, Professor Philips has observed at one point 
a growth of land- plants in an erect position, at a higher level, and 
^Ir. King has found intercalated beds in which bivalve shells, such 
as Mya truncata, are so placed erect in the loam with their siphun- 
cular ends uppermost, as to show, as unmistakeably as does the erect 
position of the trees with their roots still fixed in their original soil, 
that they lived on the spot where they are now entoinl>ed. It was 
stated that upon the fluvio-marine formation repose laminated clays 
without fossils, and these are followed by great masses of till or 
unstratified clay from 20 to 80 feet thick. Among the included 
fragments of rock are some of granite, the largest of which are from 
6 to 8 feet in diameter ; also syenite, of Scandinavian origin, and 
the wreck of the Norwich Crag, London Clay, chalk, oolite, and lias, 
with boulders of more ancient fossiliferous rocks. 

The cliff-sections above described show that in various parts of 
Norfolk and Suffolk several of the extinct as well us the living 
species of mammalia lived after the accumulation of the glacial till 
and boulders, as well as before it. The Elephas primiyenius affords 
an example of one of these extinct species, and in many British lo- 
calities the Elephas antiqims and H^popotamus major occur in tlie 
alluvium of valleys of later date than the marine boulder clay. 
Some of the valleys in question have been excavated through the 
glacial drift after the latter had been upraised from the bed of 
the sea. 
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At MundeAley,in the Norfolk cliffs, and at Hoxne, not only has such 
denudation taken place, but the hollows near Diss, in Suffolk, scooped 
out of the drift have been again filled up with freshwater strata, in 
some of which the remains of the elephant have been discovered.* 
One of the formations of the Norfolk cliffs, above mentioned as 
overlying the till, has been called contorted drift, so frequently are its 
beds of gravel, sand, and clay, bent and folded back upon themselv es, 
in the same manner as parts of the Scotch drift, represented in fig. 137., 
p. 156. In some cases these contortions extend for a height of 70 or 80 
feet, and they are coiled round isolated masses of chalk, such as may 
have fallen in landslips from a perpendicular cliff on the surface of 
a frozen sea, or of an ice-island first driven by the winds and cur- 
rents against a steep coast, and then carried away again by a change 
of the wind until it grounded in a sea of sufiicieut depth to allow of 
tlie deposition of its earthy and stony burthen on the spot where it 
melted on the bottom of the sea. The bent and disturbed beds often 
rest on strata of sand and clay, which are perfectly horizontal. In 
those places wliero tlie contortions are on the greatest scale, as at 
Sherringliam for example, the chalk with flints at the base of the 
clifis retains its horizontality, and has evidently not participated in 
the slightest degree in the violent movements to which the stratified 
drift and the huge masses of chalk, transported bodily from their 
^original position, bear testimony. The probable causes of such 
partial derangement in the strata so peculiarly characteristic of the 
glacial [)oriod have already been spoken of (p. 157.)- The succes^iv e 
deposits seen in direct superposition on the Norfolk coast imply at 
first the prevalence over a wide area of the Newer Pliocene sea. 
Afterwards the bod of this sea was converted into dry land, and 
underwent several oscillations of level, so as to be first land, sup- 
porting a forest, then an estuary, then again land, and finally a sea 
near the mouth of a river, till the downward movement became so 
great as to convert the whole area into a sea of considerable depth, 
ill which much fioating ice carrying mud, sand, and boulders melted 
and let fall its burthen to the bottom. Finally, over the till, with 
boulders, stratified drift was formed, after which, but not until the 
total subsidence had amounted to more than 400 feet, an upward 
movement began, which re-elevated the country, so that the lowest 
of the terrestrial formations, or the forest bed, was brought up to 
nearly its pristine level in such a manner as to be exposed at 
tide. Both the descending and ascending movements seem to have 
been very gradual. 

GLACIAL FORMATIONS IN NORTH AMERICA. 

In the western hemisphere, both in Canada and as far south as 
the 40th and even 38th parallel of latitude in the United States, we 
meet with a repetition of all the peculiarities which distinguish the 

• For a fuller account of these Norfolk deposits, see Lyell, Antiquity of Man, 
chap. xii. 
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Earopean boulder formation. Fragments of rock have travelled for 
great distances, especially from north to south : the surface of the 
subjacent rock is smoothed, striated, and fluted ; unstratified mud or 
till containing boulders is associated with strata of loam, sand, arid 
clay, usually devoid of fossils. Where shells arc present, they are 
of species still living in northern seas, and half of them identical 
with those already enumerated as belonging to European drift. The 
fauna also of the glacial epoch in North America is less rich in 
species than that now inhabiting the adjacent sea, whether in the 
Gulf of St. Lawrence, or off the shores of Maine, or in the Bay of‘ 
Massachusetts. 

The extension on the American continent of the range of erratics 
during the Post-pliocene period to lower latitudes than tliey reached 
in Europe, agrees well with the present southward deflection of the 
isothermal lines, or rather the lines of equal winter temperature. 
It seems that formerly, as now, a more extreme climate and a more 
abundant supply, of floating ice prevailed on the western side of the 
Atlantic. 

Another resemblance between the distribution of the drift fossils 
in Europe and North America has yet to l>e pointed out. In Canada 
and the United States, as in Norway, Sweden, Scotland, and Europe 
generally, the marine shells are conflned to very moderate elevations 
above the sea (between 100 and 700 feet), while the erratic blocks 
and the grooved and polished surfaces of rock extend to elevations 
of several thousand feet. 

I described in 1839 the fossil shells collected by Captain Bayfield, 
from strata of drift at Beauport, near Quebec, in lat, 47°, and drew 
from them the inference that they indicated a more northern climate, 
the shells agreeing in gre'at part with those of Uddevalla in Sweden.* 
The shelly beds attain at Beauport and the neighbourhood a height 
of 200, 300, and sometimes 400 feet above the sea, and dispersed 

Fig. 138. 



K. Mr. Ryland’s houKe. d* DrlR. with boulderj of lyciiite, kc, 

h. Clav and sand of higher grounds, with c. Yellow sand. 

Saxicavn, kc. b. Laminated clay, 2.'» feet thick. 

g. Gravel with boulders. A. Horiiootal lower Silurian strata. 

/. Mass of Snxienva rugota^ 12 feet thick. B, Valley re^excavated. 

e. Sand and loam with Myra truncala^ Sea- 
laria grceniandica^ Ac. 

through some of them are large boulders of granite, which could not 
have been propelled by a violent current, because the accompanying 
fragile shells are almost all entire. They seem, therefore, said Captain 
Bayfield, writing in 1838, to have been dropped down from melting 
ice, like similar stones which are now annually deposited in the 

♦ Gcol. Trans., 2d series, vol. vi. p. 135. similar conclnsions as to climato from (he 
Mr. Smith of Jordan Hill had amved at shells of the Scotch glacial drift. 
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St. Lawrence.* I visited this locality in 1842, and made the annexed 
section^ fig. 138., which will give an idea of the general position of 
the drift in Canada and the United States. I imngine that the whole 
of the valley, B, was once filled up with the beds b, c, df, e,/, which 
were deposited during a period of subsidence, and that subsequently 
the higher country (/i) was submerged and overspread with drift. 
The partial re excavation of B took place when this region was again 
uplif ted above the sea to its present height. Among the twenty^three 
species of fossil shells collected by me from these l>eds at Beau port, 
all were of recent northern species ; the only supfiosed exception, 
AUarte Laurentiana^ being now considered by good conchologists as 
a variety of the British A. compreisa (see fig. 13D.). I also examined 
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Aulaite cornpressa, Fleuu iMurentiana. 
a. Outilde. b. Inside of right vul»e. c. Left valve. 

the same formation farther up the valley of the St. Lawrence, in the 
suburbs of Montreal, where some of the beds of loam are filled with 
great numbers of the Mytilus edulis^ or our common European mussel, 
retaining both its valves and its purple colour. This slielly deposit, 
containing among other marine shells Saxicava rugosa^ characteristic 
of the glacier drift of Sweden, also occurs at an elevated point on 
the mountiaiu of Montreal, 450 feet above the level of tlie sea.f 
In iny account of Canada and the United States, published in 
1845, I announced the conclusion to which I had then arrived, that 
to explain the position of erratics and the polished surfaces of rocks, 
and their stria? and flutings, we must assume first a gradual suh- 
niergtMice of the laud in North America, after it had acquired its 
present outline of hill and valley, cliff and ravine, and then its 
rc-cmergence from the ocean. In order to account for the universal 
glaciation of the sui’faee of the solid rocks, on which the drift 
reposes in the neighbourhood of the great lakes, and north and south 
of the St. Lawrence, it seemed necessary to assume the action of 
ice previous to all deposition of drift or transportation of erratics 
The general direction of the furrows from north to south, for they 
rarely deviate more tlian 10® or 20® to the east or west of the meridian, 
seemed to favour the idea of their being for the most part due to 
the running aground of icebergs drifting from arctic latitudes. 
The absence in many regions, as in the Niagara district, of high 
mountain chains, and the extension of undiminished ice action as far 
south as the 40th parallel, made me unwilling to apj>eal, save in 
some exceptional cases, to land glaciers as the principal agents of 
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this glaciation. I assumed, therefore, that while the land wan 
slowly sinking, the sea which bordered it was covered with islands 
of floating ice coming from the north, which, as they grounded ou 
the coast and on shoals, pushed along such loose materials of sand 
and pebbles as lay strewed over the bottom. By this force all 
angular and projecting jKiints were broken off, and fragments of hard 
stone, frozen into the lower surface of the ice, scooped out grooves 
in the subjacent solid rock. The sloping beach, as well as the floor 
of the ocean, might bo polished and scored by this machinery, pro- 
ducing such long, straight, and parallel furrows, as are eveiy where 
visible in the Niagara district, and generally in the region north of 
the 40th parallel of latitude.* 

This hypothesis of a slow and gradual subsidence of the land 
enables us to imagine that the polishing and grooving action may 
have been going on simultaneously with the transj)ortation of the 
erratics. During the successive depression of higii land, varying 
originally in height from ICXX) to 3(XX) feet above the sea-level, ^very 
portion of the surface would be brought down by turns to the level of 
the ocean, so as to be converted first into a coast-line, and then into 
a shoal } and at length, after being well scored by the stranding upon 
it year after year of large masses of coast-ice and occasional icebergs, 
might be sunk to a depth of several hundred fathoms. By the con- 
stant depression of land, the coast would recede farther and farther 
from the successively formed zones of polished and striated rock, 
each outer zone becoming in its turn so deep under water, as to bo 
110 longer grated upon by the heaviest icid^ergs. Such sunken areas 
would then simply serve as receptacles of mud, sand, and boulders 
dropped from meltinc: ice, perhaps to a depth scarcely, if at all, in- 
habited by testacea and zoophytes. Meanwhile, during the formation 
of the unstratified and uiifossiliferous mass in deep water, the 
smoothing and furrowing of shoals and beaches would still go on 
elsewhere upon and near the coast in full activity. If at length the 
subsidence should cease, and the direction of the movement of the 
earth’s crust be reversed, the sunken area covered with drift would 
be slowly reconverted into land. The boulder deposit, before 
emerging, would then for a time be brought within the action of 
the waves, tides, and currents, so that its upper portion, being 
partially denuded, would have its materials rearranged and stratified. 
Streams also flowing from the land would in some places throw down 
layers of sediment upon the till. In that case, the order of super- 
position will be, first and uppermost, sand, foam, and gi avel occa- 
sionally fossiliferous ; secondly, an unstratified and unfofeHiliferous 
mass called tilU for the most part of much older date than the pre- 
ceding, with angular erratics, or with boulders interspersed ; and 
thirdly, beneath the whole, a surface of polished and furrowed rock. 

If we reflect on the vast area over which tlie dispersion of marine 
glacial drift is now in progress, we shall at once see that it must 
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equal, if it does not greatly exceed, the space over which glaciers 
and continental ice are moving. It would, therefore, have been in 
the highest degree perplexing if. we had not met with proofs of 
submarine glaciation on a most extensive scale, including all the 
phenomena of polishing, scratching, furrowing, and rounding of 
rocky surfaces, and the transportation of erratics and finer mate- 
rials ; seeing that there is so much evidence everywhere in Europe 
and North America of the conversion of sea into land, as well as 
laud into sea, since the commencement of the glacial epoch. 

But although a large portion of the drift of North America has 
been due, like that of Europe, to floating ice and a period of sub- 
mergrnce, that continent has also hfid its land-ice, and its centres of 
dispersion of erratic blocks. The White Mountains of New Hamp- 
shire, lat. 44° N., the loftiest of which is more than GOOO feet high, 
may be cited as an example ; and the late Professor Hitchcock in- 
ferred that some of the highest hills in Massachusetts once sent 
down their glaciers into the lower country. I have already men- 
tioned that in Europe several quadrupeds of living, as well as 
extinct, species were common to pre-glacial and post-glacial times. 
In like manner there is reason to suppose that in North America 
much of the ancient mammalian fauna, together with nearly all the 
invertehrata, lived through the ages of intense cold. 

That in the United States the Mastodon giganteus was very 
abundant after the drift period, is evident from the fact that entire 
skeletons of this animal are met with in bogs and lacustrine deposits 
occupying hollows in the drift. They sometimes occur in the botto^ 
even of small ponds recently drained by the agriculturist for the sake 
of the shell-marl. I examined one of these spots at Geneseo, in the 
State of New York, from which the bones, skull, and tusk of a Mas- 
todon had been procured in the marl below a layer of black peaty 
eartli, and ascertained that all the associated freshwater and land 
shells were of a species now common in the same district. They 
consisted of several species of Lymnea^ of Planorhis bicarinatus^ 
Physa heterostrophay &c. 

In 1845 no less than six skeletons of the same species of Mastodon 
were found in Warren county, New Jersey, six feet below the surface, 
by a farmer who was digging out the rich mud from a small pond 
which he had drained. Five of these skeletons were lying together, 
and a large part of the bones crumbled to pieces as soon as they were 
exposed to the air. But nearly the whole of the other skeleton, 
which lay about ten feet apart from the rest, was preserved entire, 
and proved the correctness of Cuvier’s conjecture respecting this 
extinct animal, namely, that it had twenty ribs like the living 
elephant. From the clay in the interior within the ribs, just where 
the contents of the stomach might naturally have been looked for, 
seven bushels of vegetable matter were extracted. I submitted some 
of this matter to Mr. A. Henfrey of London for microscopic exami- 
nation, and he informs me that it consists of pieces of small twigs 
of a coniferous tree of the Cypress family, probably the young 
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shoots of the white cedar, Thuja occidentalism still a native of North 
America, on which therefore we may conclude that this extinct 
Mastodon once fed. 

Another specimen of the same quadruped, the most complete and 
probably the largest ever found, was exhumed in 1845 in the town 
of New burg, New York, the length of the skeleton being 25 feet, 
and its height 12 feet. The anchylosing of the lost two ribs on the 
right side afforded Dr. John C. Warren a true gauge for the space 
occupied by the iiitervertebrate substance, so as to enable him to 
form a correct estimate of the entire length. The tusks when disco- 
vered were 10 feet long, but a part only could be preserved. The 
large proportion of animal matter in the tusk, teeth, and bones of 
some of these fossil mammalia is truly astonishing. It amounts in 
some cases, as Dr. C. T. Jackson has ascertained by analysis, to 27 
per cent. ; so that when all the earthy ingredients are removed by 
acids, the form of the bone remains as perfect, and the mass of 
animal matter is almost as firm, as in a recent bone subjected to 
similar treatment. 

It would be rash, however, to infer from such data that these qua- 
drupeds were mired in modern times, unless we use that term strictly 
in a geological sense. I have shown that there is a fluviatile de- 
j)osit in the valley of the Niagara, containing shells of the genera 
Melaniam Lyrnnecim PlafiorbiSy Valvatcty Cyclas, Unio, lieliXm &c., 
all of recent species, from which the bones of the great Mastodon 
have l)een taken in n very perfect state. Yet the whole excavation 
of the ravine, for many miles below the Fails, has been slowly 
effected since that fluviatile deposit was thrown down. 

Whether or not, in assigning a period of more than 30,000 years 
for the recession of the Falls from Queenstown to their present site, 
I have over or under estimated the time required for that operation, 
no one can doubt that a vast number of centuries must have elapsed 
before so great a series of geographical changes were brought about 
as liave occurred since the entombment of this elephantine quadruped. 
The freshwater gravel which encloses it is decidedly of much more 
modern origin than the drift or boulder-clay of the same region. 

Other extinct animals accompany the Mastodon giganieits in the 
post-glacial deposits of the United States, among which the Casto^ 
roides ohioensism Foster and Wyman, a liuge rodent allied to the 
beaver, and Capybara may be mentioned. But whether the “ loess,’’ 
and other freshwater and marine strata of the Southern States, in 
which skeletons of the same Mastodon arl^ mingled witli the bones 
of the Megatherium, Mylodon, and Megalonyx, were cojitempora- 
neous with the drift, or were of subsequent date, is a chronological 
question still open to discussion. It appears clear, however, from 
what we know of the pliocene and post-tertiary fossils of Europe— 
and I believe the same will hold true in North America, that nearly 
all, if not all, the species of testacea and most of the mammalia 
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which existed prior to the glacial epoch survived that era. The 
fact is important, as refuting the hypothesis, for which some have 
contendetl, that the cold of the glacial period was so intense and 
universal as to annihilate all living creatures throughout the globe. 

That the cold was greater for a time than it is now in certain parts 
of Siberia, Europe, and North America, will not be disputed ; but, 
before we can infer the universality of a colder climate, we must 
ascertain what was the condition of other parts of the northern, and 
of the wliole southern hemisphere, at the time when the Scandinavian, 
British, and Alpine erratics were transported into their present 
position. It must not be forgotten that a great deposit of drift and 
erratic, blocks is now in full progress of formation in the southern 
hemisphere, in a zone corresponding in latitude to the Baltic, and to 
Northern Italy, Switzerland, France, and England. Should the un- 
(*ven bed of the southern ocean be hereafter converted by upheaval 
into land, the hills and valleys will be strewed over with transported 
fi’iigrm^nts, some derived from the antarctic continent, others from 
ishinds covered Avith glaciers, like South Georgia, which must now be 
centres of the dispersion of drift, although situated in a latitude 
agreeing with that of the Cumberland mountains in England. 

Not only are these operations going on between tlieloth and 60th 
parallels of latitude soutli of the line, while the corresponding zone 
of Europe is free from ice ; but, what is still more worthy of remark, 
we find in the southern lieinisphere itself, only 900 miles distant 
from South Georgia, where the perpetual snow reaches to the sea- 
beach, lands covered with forest, as in Terra del Fuego. There is 
liere no difference of latitude to account for the luxuriance of 
vegetation in one spot, and the absolute want of it in the other ; but 
among other refrigerating causes in South Georgia may bo erm- 
meratcil the countless icebergs which float from the antarctic zone, 
and which chill, as they rnelt, the waters of the ocean, and the sur- 
rounding air, which they fill with dense fogs. The contrast of cli- 
mate and glacial conditions in corresponding zones of the northern 
and southern hemispheres, and even in corresponding latitudes on 
the same side of the equator, makes it highly probable that the 
extreme of cold in the glacial period was not experienced simulta- 
neously in North America and Europe. 

Connection of the predominance of lakes with glacial action , — 
It has been truly remarked that lakes are very common in those 
countries where erratics, striated boulders, and rock surfaces, with 
other signs of glaciation al>ound ; and that they are comparatively 
rare in tropical and subtropical regions. When travelling over 
some of the lower lands in Sweden, far from mountains, as well as 
over the coast region of Maine in the United States, and other 
districts in North America, I was much struck with the innu- 
merable ponds and small lakes, of which counterparts are described 
as equally characteristic of Finland, Canada, and the Hudson’s Bay 
Territories. I have never seen any similar form of the surface 
south of latitude 40® N. in the western, and 50® N. in the 
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eastern hemisphere. The relation of a certain number of these 
sheets of water to the glacial period is obvious enough, for not 
a few of them are dammed up by barriers of unstratifiod drift, such 
as may have constituted th# terminal and lateral moraines of glaciers, 
or may have been thrown down from melting icebergs when the 
country was still under water. To this class of lakes and ponds the 
term “ morainic ** has been applied. But I agree with Professor Kam- 
say, that the origin of many, even of the moderate-sized depressions 
now filled with water, cannot be so explained, because many of them 
have their barriers formed of solid rock. 

With reference to cavities of large dimensions containing water 
in mountainous regions, they have been truly said to lie almost uni- 
versally in the course of valleys of erosion, being, like them, narrow 
in proportion to their length. If many of them run in the lines 
of great rents and faults, traversing the older rooks, this is no 
more thnn may be sai<l of most of the longitudinal and transverse 
valleys of every mountain chain. Mr. Jukes has well observed that 
lake-basins are by no means caused by runts gaping or widening in 
their higher extremities ; and he adds that where fissures have 
been examined by minors in the interior of the earth, whether the 
rocks have been shifted or not, they are usually only a few feet wide, 
and even when traced for more than 1000 feet in a vertical direc- 
tion, they preserve a remarkable uniformity in width. Nor are 
valleys and lake-basins the result of the engulfment or the swallow- 
ing up in subterranean abysses of masses once at or near the surface. 
Had this been the case, we should not find, us we now do, the same 
strata often continuous from side to side, at the upper and lower 
ends of the lake. It is evident that the materials which once filled 
the basin have been gradually removed, so that older formations are 
now exposed to view on tlie bottom. It may be said of the particu- 
lar masses of rock now constituting tlie sides of such cavities, as wt; 
may affirm of valleys in general, that lliey were never nearer (^ach 
other than they are at present. The only question, then, to be dis- 
cussed is, whether the denuding cause was ice or running water — a 
glacier or a river. 

At the foot of every cataract we see that the water lias formed a 
deep circular pool. In like manner it is suggested that ice, descend- 
ing a precipice or steep slope, and rubbing off sand and stones from 
the surface of the same, may, when it reaches the bottom and presses 
on it with its whole weight, so grind down and wear away the rock, 
as to scoop out one of tliose cavities called tarns. But if we admit 
such a process as matter of speculation, we must at the same time 
suppose that after it has worked out a cavity it loses all power to 
extend the same, being wholly unable to cut a gorge through the 
bander forming the lower margin of the tarn at the point where the 
discharge of ice formerly took place, and where a stream now issues. 
This diminished force of erosion wherever the ice has to ascend a 
slope, or to move horizontally, seems adverse to the hypothesis ad- 
vanced by Professor Ramsay of the formation of lakes of considerable 
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length and depth by glaciers. Yet the advocates of the origin of 
lakes by ice-action do not hesitate to appeal to the same causation to 
account for the largest Swiss aud Italian lakes at the northern and 
poutliern foot of the Alps, such as those of Geneva, Como, and Lago 
Maggiore, which vary from twenty to nearly fifty miles in length, and 
in depth from 500 to 2000 feet, and more. 

In speculating on such a mode of origin, we feel greatly the want 
of positive data, which might enable us to test the actual power of 
a glacier to scoop cavities out of a floor of subjacent rock. It may, 
however, be remarked, that where opportunities are enjoyed of 
seeing i)arfc of a valley from which a glacier has retreated in his- 
torical times, no basin-shaped hollows are conspicuous. Dome- 
s)iai>ed protuberances, the “ roches moutonn^es " before described, 
are frequent ; but the converse of them, or cup and saucer-shaped 
cavities, are wanting. Everywhere we behold jwoofs that the 
glacier, hy the aid of sand and pebbles, can grind down, polish, and 
])lane the bottom ; but it seems incapable of doing more, although 
the fundamental rocks must, in different places, be of very unequal 
hardness. It is also well known that at certain points in the course 
of some of the princij)al glaciers of the Alps, transverse rents in tlie 
ice, or crevices, several feet wide and of great number and depth, 
occur, which are referred by geologists to inequalities in the ground 
below, over which the icy mass is pushed. In such instances, though 
the ice moves on and tiie old crevices close uj), others of precisely 
the same form and dimensions are renewed every year, century after 
century, in the same place, imjdying that even where the declivity 
is very great, and the propelling force from behind enormous, the 
ice cannot saw througli and get rid of the obstacles which impede 
tlie freedom of its onward march. 

Wlien we are endeavouring to form sound opinions as to tlie 
relation of the freiiuency of lake-basins to an antecedent glacial 
period, we must not forget that such basins, large and small, are 
met with in all latitudes, and that there are lacustrine deposits of all 
geological epoclis, attesting the existence of lakes at times when no 
one is disposed to attribute them to the agency of ice. In Central 
France, for example, in the Miocene and Eocene periods, there were 
lakes of considerable dimensions when the climate, like that of the 
preceding Cretaceous era, was sub-tropical. It would, indeed, be 
the most perplexing of all enigmas if we did not find that lake- 
basins were now, and bad been at all times, a normal feature in the 
physiognomy of the earth’s surface, since we know that unequal 
movements of upheaval and subsidence are now in progress, and 
were going on at all former geological periods. 

It needs but little reflection on this subject to discover that, when 
such changes of level are in progress, some of the principal valleys can 
hardly fail to be converted in some parts of their course into lakes of 
considerable magnitude. To escape such a result we should have to 
assume that the greatest elevatory movement always conforms to the 
central axis of every chain, or, what would be still more singular, 



Co. XIL] CONVERSION OF TALLETS INTO LAKES. 171 

that it coincides in direction with every water-shed. Occasionally, 
no doubt, there would be such a coincidence, and if so, the upheaval, 
instead of interfering with the drainage and damming back the 
rivers, would, by increasing the fall of water, tend even to oblite- 
rate such lakes as pre-existed. But sometimes upheaval will be in 
excess in the lower part of the valley, and at other times (which 
w'ould equally produce lake-basins) there would be an excess of 
subsidence in the higher region, the alluvial plains below sinking at 
a less rapid rate, or being, perhaps, stationary. 

When controverting, in 1863, in the first edition of my “ Antiquity 
of Man ” (p. 316.), Professor Ramsay’s hypothesis of the scooping 
out by ice of long and deep cavities like those containing the Swiss 
and Italian lakes, I proposed to substitute for his ice-agency the 
theory of unequal movements of upheaval and subsidence. 1 assumed 
that the Alpine region had l>een exposed for countless ages to the 
action of rain and rivers from Older Pliocene if not from Upper 
Miocene times, and 1 therefore inferred that the larger valleys, 
throughout the greater part of their depth and width, wore of pre- 
glacial origin. If they were not so, it seemed to me that we should 
be called upon to explain a more difficult enigma than tlio origin of 
the lake-basins, namely, why the rivers had been idle for a million 
years or more, leaving to glaciers the task of doing in comparatively 
modern times the whole work of excavation. 

The Alps are from 80 to 100 miles across. Let us 8ui)po8C a central 
depression in this chain at the rate of 5 feet in a century, while the 
intensity of the movement gradually diminishes as it approaclies the 
outskirts of the chain, till at length it dies out in the surrounding 
lower region. After a long continuance of such a change of level, 
there will not only be a lessened fail of all the rivers, but the courses 
of many of them will, at various points, especially near the foot of 
the mountains, l)e converted into lakes. If, in the case of Wales, wo 
can demonstrate an upward movement of 1400 feet during a [)art of 
the glacial epoch, we may well suppose still greater alterations of 
level in the Alps, and agree with Charpentier that those mountains 
which from a remote geological era have been the theatre of reite- 
rated upward and downward movements may have been at the 
time of the most intense cold, three thousand feet higher than they 
are now. They may also have been lowered again, as 1 have else- 
where suggested (“Antiquity of Man,” p, 321.), before the close of 
the Glacial epoch, and oscillations of such magnitude may well 
have been accompanied by such inequalities of movement as 
would inevitably have turned some parts of the pre-existing 
valleys into the receptacles of vast bodies of ice, destined after- 
wards to be converted into water. We know that in the earth- 
quake in the northern island of New Zealand, in January, 1855, 
there was a permanent rise of land on the northern shores of Cook’s 
Strait to the extent of 9 feet vertically. On one side of Muko- 
muka Point, or immediately to the east, there was no movement, 
while on the other side, or to the westward, there was a gradual dimi- 
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nution of the upheaval from 9 feet to a few inches, until, at a distance 
of about 23 miles, no charifre of level was perceptible. Simultaneously 
with this elevation of land, there was a sinking of the low coast to 
the amount of 5 feet in the middle Island south of Cook’s Strait. The 
repetition of such unequal movements may, in a time geologically 
brief, turn parts of any valley into a lake. In Finmark an ancient 
water-level has been carefully measured along the borders of a ford, 
rising gradually at the rate of 4 feet in a mile for 30 miles from south 
to north, until at one extremity it attains an elevation of 135 feet 
above the other end, and this movement is of post-pliocene date. 
Whenever the lower part of a fiord or valley is thus raised, or 
wherever, in the upper portion, subsidence is in like manner in 
excess, a lake-basin mtiy result as above stated. If tluTe be no ice, 
the formation of a lake will depend on the relation of two forces : 
the rate at which the land is raised or sunk, and the rate at which 
tin* river cun deposit sediment in the new depression. Should the 
inovernent be very slow, the river may fill the incipient cavity with 
mud, sand, and pebbles, as fast as it is formed, and having levelled 
it up may afterwards cut through the new stony barrier at the 
lower margin of the de[)res8ed area ; but if the capacity of the new 
basin increases at too great a rate, the river will only be able to 
encroach partially upon it by forming a delta at its higher extremity. 
If the change takes place in a glacial period, the thickness of the 
ice will augment from century to century, not in consequence of 
erosion, but simply Ijccausc the contour of the valley is becoming 
gradually more basin-shaped. The mere occupancy, therefore, of 
cavities by ice, by preventing fluviatile and lacustrine de[) 08 ition, is 
one cause of the abundance of lakes, which will come into exist- 
ence whenever the climate changes and the ice melts. 

In^ Switjserland there are lacustrine formations of the Post- 
pliocene period, which show that the Lake of Zurich, and some 
other Swiss lakes, were formed before the erosive power of ice had 
been exerted in that country (“Antiquity,” p. 314.). In Scotland, also, 
there is evidence that some of the main valleys by which the drainage 
now takes place were in existence before the Glacial epoch. But 
although most of the valleys of the Alps and some of the lakes 
were pre-glacial, there seems ground for suspecting that not a few of 
the valleys were converted into lake-basins during the long series 
of ages in which ice prevailed. In support of this view, many good 
observers affirm that below the present outlet of the great lakes in 
Switzerland and Italy, an ancient fiuviatile alluvium may be seen, 
on which the moraines of the great glaciers which once traversed 
the lakes repose. The pebbles in these old alluviums comprise all 
those varieties of rocks which belong to the upper course of the 
valley above, or to tributary valleys in the same higher region. The 
phenomenon here alluded to would be in perfect accordance with 
the theory that the rivers were once continuous, or not intercepted 
by lake-basins destined to be filled and traversed by glaciers. It is 
unnecessary to resort to M. de MortiUetfa hypothesis, that each basin 
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was first filled tip with alluvium sometimes above 2000 feet thick, and 
that this was afterwards cleared out hj a glacier, for such removal 
would imply a capacity of erosion which we are not warranted to 
assume, and which, if granted, might have enabled the ancient 
glacier of the Rhone to excavate^he basin of the Lake of Geneva 
out of the raiocene molasse. Dr. Falconer, Mr. Ball, and other 
writers, have pointed out that the form of several of the great Italic u 
lakes, such as Como, Maggiore, and Garda, is by no means in harmony 
with the hypothesis that they have been hollowed out by great 
glaciers which once passed tlirough them. 

From the analogy of flowing water, we have reason to suspect 
that ice would move slower and exert less friction on the bottom 
in proportion to the depth of the cavity which it fills, for the 
motion of a glacier resembles that of a river — the upper strata 
moving faster than the lower ; and if there l>e a deptli of 26(K) 
feet, as in Lago Maggiore, it is dilficult to conceive, when the 
principal discharge of ice is almost entirely effected in the iipj»er 
part of the mass, that the movements at the bottom would be 
sufficiently energetic to enable the ice to penetrate de(‘ply into the 
rocks below. A still more serious objection to the ice-origin of 
lake-basins is deducible from the absence of such basins of the first 
magnitude in the plains of the Fo at certain points where the greatest 
of the extinct glaciers once came down from the Alps, leaving their 
gigantic moraines in the low country. Of this absence, the finest 
example occurs at Ivrea and south of it, where we observe a moraiin* 
more than 1500 feet high in its northern part, consisting of mud, 
stones, and large erratic blocks, evidently brought down fromr the 
two highest of the Alps, Mont Blanc and Monte Rosa. This old 
moraine, when it issues from the mountains and spreads over the 
plains of the Po, reposes on marine .strata of the Pliocene age, so 
unconsolidated that the glacier might have scooped out of it a deep 
cavity had moving ice possessed such an excavating power. 

Another example of the absence of a great lake where we ought to 
have found one, according to the glacier-erosion hyjmthesis, occurs in 
a contiguous region on the other side of Turin, between that city and 
Susa, where the moraine of the Dora Riparia extends far and wide. 

If, in surveying a mountain-chain lengthwise or transversely, w^c 
observe a capricious distribution of lake-basins, we have no reason 
to feel surprise, so long as we conceive the origin of the basins to be 
due to subterranean movements in the earth’s crust, for these may 
be partial in their extent, or may vary in theft direction in a manner 
which has no relation to the course of the valleys. But if, rejecting 
the aid of changes of level, we invoke a superficial agency, like that 
of glaciers, we are then utterly at a loss to explain why they should 
scoop out a hollow in one valley and perform no similar feat in an 
adjoining one. 

We have shown that rivers are doubly instrumental in prevent- 
ing the formation of lake-basins ; first, by labouring incessantly to 
silt up an incipient cavity, and secondly, by deepening their chan- 
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nclf, or cutting out new ones through the rocks, which may have 
been slowly raised up so as to interfere with the regular drainage. 
There is no analogous agency at work at the bottom of the sea 
except partially, where marine currents deriving sediment from 
wasting shores, or from rivers, deposit it at the bottom. With the 
exception of such areas of submarine deposition, every partial sub- 
sidence will cause a permanent depression, ready to become the 
receptacle of frcsli water whenever the tract emerges or is turned 
into larj<l. As to the extent of such lake- basins, we should have no 
right to wonder if they equalled in size Lakes Erie and Ontario, or 
even Lake Superior itself, provided the lapse of geological time has 
been sufHciently protracted. But suppose the submerged area to 
have been continually traversed by huge icebergs like Bafliii^s Bay, 
for thousands of years before it became part of the continent. In 
that case wo should not only find on it a multitude of morainic lakes 
of various sizes, but probably many shallow saucer-like cavities worn 
in the bed of the sea, out of rocks in situ, by the reiterated im- 
pinging upon them of huge masses of icc, moving (as before described, 
p. 147.) in their lowest parts with a velocity of as many miles as 
even tlie uppermost strata of a glacier move inches. The winds and 
curretits might carry hundreds of such bergs during every century 
towards the same tracts, and these might exert a great amount of 
friction on the fioor of the ocean. The mud and sand formed by the 
abrasion of rock, or any stones which might be frozen into the bottom 
of the iceberg, or driven into it when the mass impinged with great 
force on the bed of the sea, may be removed as soon as the berg, by 
molting in its upper part, becomes lighter, and rising fioats away. 
In this instance the conditions are more favourable, both for tritu- 
rating a rocky floor and clearing out earth and stones from the 
new-formed cavity, than are conceivable in the case of a glacier de- 
scending a valley. 

Causes of Chavge of Climate . — Submergence of the Sahara , — I 
endeavoured in 1830, in the “ Principles of Geology,^’ chapters 
vii. and viii., to point out the intimate connection of climate with 
the state of the phy&ical geography of the globe existing at any 
given period. If, for example, at certain periods of the past, the 
antarctic land was less elevated and less extensive than now, while 
that at the north pole was higher and more continuous, the 
conditions of the northern and southern hemispheres might have 
been to a great extent tlie reverse of what we now witness in 
regard to climate. But if in both of the polar regions a consider- 
able area of elevated dry land existed, such a concurrence of re- 
frigerating conditions in both hemispheres might have created for 
a time an intensity of cold never experienced since. Some geolo- 
gists have objected that the cold of the glacial period was so general 
throughout the polar and temperate regions on both sides of the 
equator, that mere local changes in the external configuration of our 
planet cannot be imagined to afford an adequate cause for a revolu- 
tion in temperature of so modern a date. But the more we compare 
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the state of the earth's surface in pliocene, post^pUocene, and recent 
tiroes, the more evidence do we obtain of upward and downward 
roovement on such a scale as to convince us that in different parts 
of the periods in question a map of the world would no more re- 
semble our present maps than Europe now resembles America or 
Africa. A careful study of the distribution of the livings species of 
animals and plants in tertiary and recent times, leads to similar con- 
clusions as to the vastness of the changes which the physical geogra- 
phy of the globe has undergone, so that the theory in question cannot 
be impugned on the score of a want of universality in the movements 
of the earth’s crust. 

The changes alluded to in the Principles of Geology ** as capable 
of affecting the climates of the globe at successive geological periods, 
consisted chiefly of the conversion of sea into land and land into sea, 
the increased or diminished height of mountain cliaius and conti- 
nents, and the preponderance of land and water in high and low 
latitudes, together with the new direction given to the principal 
currents of the ocean, such as the Gulf-stream. JBut although I did 
not omit to mention the vast heat which is carried by the winds 
from tlie great desert of Africa to those parts of Europe wliich lie 
immediately north of it, I was not able to avail myself of a geo- 
graphical lact since ascertained by geologists respecting the Sahara, 
namely, that tliis desert must have formed part of the sea when the 
cold of the glacial epoch was at its height. Ritter had suggested in 
1817, that the African desert had been under water at a very modem 
period, and M. Escher von der Linth gave it as his opinion in 18.'32, 
that if this submergence were true, it would explain why the Alpine 
glaciers had attained in the Post-pliocene period those colossal dimen- 
sions which Venetz and Charpentier, reasoning on geological data, 
first assigned to them. Since this hint was thrown out by the distin- 
guished Swiss geologists, Messrs. Laurent and Tristram, and in 18Gd 
M. Escher himself, together with MM. Desor and Martins, have 
found marine shells, especially the common cockle, Cardium edxile^ 
scattered far and wide, from west to east, over the desert, while 
the shells of these and other living species have also been found 
in boring Artesian wells, at the depth of many feet below the sur- 
face. 

The space now occupied by the Sahara, instead of forming a tract 
of parched and burning sand, from which the south wind or sirocco 
now derives its scorching heat and dryness, constituted formerly a 
wdde marine area, stretching several hundred miles north and south 
and east and west. From this area the south wind must formerly 
have absorbed moisture, and must have been still farther cooled and 
saturated with aqueous vapour as it passed over the Mediterranean. 
When at length it reached the Alps, and, striking them, was driven 
into the higher and more rarefied regions of the atmosphere, it 
w^ould part with its watery burden in the form of snow, so that the 
same serial current which under the name of the Fohn or Sirocco 
now plays a leading part with its hot and dry breath, sometimes even 
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in the depth of winter, in melting the snow and cheeking the growth 
of glaciers, mast, at the period alluded to, have been the principal 
feeder of Alpine snow and ice. 

METEOniTES IN DBIFT. 

As my account of tJie glacial period has led me to speak at some 
length of post-pliocene drift, I may take this opportunity of referring 
to the discovery of a meteoric stone at a great depth in the allu- 
vium of NortluTU Asia. 

Errnari, in his Archives of Russia for 1841 (p. 314.), cites a very 
circumstantial account drawn up by a Russian miner of the finding 
of a mass of meteoric iron in the auriferous alluvium of the Altai. 
Some small fragments of native iron were first met with in the gold- 
wijshirjgs of Petropnwlowsker in the Mrassker Circle ; hut though 
tii(‘y attracted attention, it was supposed that they must have been 
broken off from the tools of the workmen. At length, at the depth 
of .‘il feet 5 inches from the surface, they dug out a piece of iron 
weighing 17^ pounds, of a steel-grey colour, somewhat harder than 
ordinary iron, and, on analysing it, found it to consist of native iron, 
with a small proportion of nickel, as usual in meteoric stones. It 
was buried in the bottom of the deposit where the gravel rested on 
a flaggy limestone. Much brown iron ore, as well as gold, occurs in 
the same gravel, which a[)pcars to be part of that extensive auriferous 
formation in winch the hones of the roamrnotlj, the ithitweeros 
ttchorhinusy and other extinct quadrupeds abound. No suflicient 
data are supplied to enable us to determine whether it be of Post- 
pliocene or Newer Pliocene date. 

We ought not, I tliink, to feel surprise that we have not hitlierto 
succeeded in detecting the signs of such aerolites in older rocks ; 
for, besides their rarity in our own days, those which fell into the 
sea (and it is with marine strata that geologists have usually to 
deal), being cliiefly composed of native iron, would rapidly enter 
into new chemical combinations, the water and mud being charged 
with chloride of sodium and other salts. We find that anchors, 
cannon, and other cast-iron implements which have been buried for 
ft few hundred years off our English coast liave decomposed in part 
or entirely, turning the sand and gravel which enclosed them into a 
conglomerate, cemented together by oxide of iron. In like manner 
meteoric iron, although its rusting would be somewhat checked by 
the alloy of nickel, could scarcely ever fail to decompose in the 
course of thousands of years, becoming oxide, sulphuret or carbonate 
of iron, and its origin being then no longer distinguishable. The 
greateiv the antiquity of rocks — tlie oftcuer they liave been heated 
and cooled, permeated by gases or by the waters of the sea, the 
atmosphere or mineral springs — the smaller must be the chance of 
meeting with a mass of native iron unaltered ; but the preservation 
of the ancient meteorite of the Altai, and the presence of nickel in 
these curious bodies, renders the recognition of them in deposits of 
remote periods less hopeless than we might have anticipated. 
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CHAPTER Xril. 

CLASSIFICATION OF TERTIARY FORMATIONS. — PLIOCENE PERIOD. 

Onier of succession of sedimentary formations — Imperfection of (ho record — 
Defectiveness and obscurity of the monuments greater in proportion to their 
antitiuity — Reasons for studying the newer groups first — General principles of 
clas>itication of tertiary strata — Detached formations scattered over Europe — 
Strata of Paris and I^ndon — More modern groups — Peculiar didiculticB in 
determining the chronology of tertiary formations — Increasing proportion of 
living 8f)ecies of shells in strata of newer origin — Er»cene» Miocene, and Plioeeno 
terms explained — Formations of the Newer Pliocene period — Island of Ischia- 
Eastern base of Mount Etna — Newer Pliocene strata of great height and extent 
in Sicily — Formations of same ago in the Upper Val d’Arno — Norwich Crag — 
Chillesford beds Bridlington Beds — Older Pliocene strata — Red Crag of 
Suffolk — White or coralline Crag - Successive refrigeration of climati; proved 
by the pliocene shells of Suffolk and Norfolk — Antwerp Crag - Subainmninc 
strata — Aralo-Caspian formations. 

The post-tertiarj formations, comprising the Post-pliocene and 
Recent, having been described in the last three chapters, T hav(‘ 
now to give an account of the strata called tertiary and the several 
groups into which they have heen subdivided. 

The annexed diagram will show the order and superposition of 
the principal sets of fos>iliferou8 deposits enumerated in the table, 
page 101., assuming them all to be visible in one continuous section. 


Flc. 140. 



In nature, as before hinted, page 98 ., we have never an opportunity 
of seeing the whole of them so displayed in a singUi region ; 
first, because sedimentary deposition is confined, during any ono 
geological period, to limited areas ; and secondly, because strata, 
after they have been formed, are liable to be utterly annihilated over 
wide areas by denudation. But wherever certain members of the 
series are present, they overlie one another in the order indicated in 

N 
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the diagram, though not always in the exact manucr there repre- 
sented, Ixicause some of them repose occasionally in uncouformable 
stratification on others. This mode of superposition has been al- 
ready explained at page 59. Where it occurs it is almost invariably 
accompanied by a great dissimilarity in the species of organic re- 
mains of the sets of strata next in succession, the discordance imply- 
ing a considerable lapse of time which intervened between the two 
formations in juxtaposition. During the ages which elapsed, and 
of which no records have been handed down to us in the area in 
question, we may suppose a gradual change to have been going on 
in the state of the animal creation, and the same interval allowed 
time for a great amount of movement and dislocation to have been 
brought about in the earth’s crust, so that the strata previously ex- 
isting in the region alluded to had been much disturbed and their 
edges exposed to aqueous denudation before the more modern set 
were thrown down upon them. 

Where the widest gaps appear in the sequence of organic remains, 
as between the Permian and Triassic rocks, or between the Creta- 
ceous and Eocene, examples of such unconformability are very fre- 
quent. But they are also met with in some part or other of the 
world at the junction of almost all the other principal formations, 
and sometimes the subordinate divisions of any one of the leading 
groups may be found lying uri conformably on another subordinate 
member of the same — the Upper, for example, on the Lower Silurian, 
or the superior division of the Old Ked Sandstone on n lower mem- 
ber of the same, and so forth. Instances of such irregularities in tlie 
mode of succession of the strata next in contact are the more intelli- 
gible the more we extend our survey of the fossiliferous formations, 
for we are continually bringing to light deposits of intermediate 
date, which have to be intercalated between those previously known, 
and which reveal to us a long series of events, of which antecedently 
to such discoveries we had no knowledge. 

But while unconformability invariably bears testimony to a lapse 
of unrepresented time, tlio conformability of two sets of strata in 
contact by no means implies that the newer formation immediately 
succeeded the older one. It simply implies that the ancient rocks 
were subjected to no movements of such a nature as to tilt, bend, or 
break them before the more modern formation was superimposed. 
It does not show that the earth’s crust was motionless in the region 
in question, for there may have been a gradual sinking or rising, 
extending uniformly over a large surface, and yet, during such 
movement, the stratified rocks may have retained their original 
horizentality of position. There may have been a conversion of a 
wide area from sea into land and from land into sea, and during these 
changes of level some strata may have been slowly removed by 
aqueous action, and after this new strata may be superimposed, 
differing perhaps in date by thousands of years or centuries, and yet 
resting conformably on the older set. There may even be a blend- 
ing of the materials constituting the older deposit with those of the 
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newer, so as to giTO rise to a passage in the mineral character of the 
oue rock into the other as if there had been no break or interruption 
in the depositing process. 

Although bj the frequent discovery of new sets of intermediate 
strata the transition from one type of organic remains to anotlier is be- 
coming less and less abrupt, yet the entire series of records appt^ars 
to the geologists now living far more fragmentary and defective than 
it seemed to their predecessors half a century ago. The earlier en- 
quirers, as often as they encountered a break in the regular sequence 
of formations, connected it theoretically with a sudden and violent 
catastrophe, which had put an end to the regular course of events 
that had been going on uninterruptedly for ages, annihilating at the 
same time all or nearly all the organic beings which had previously 
flourished, after which, order being re-established, a new series of 
events was initiated. In proportion as our faitli in these views 
grows weaker, and the phenomena of the organic and inorganic 
world presented to us by geology seem explicable on the hypotliesis 
of gradual and insensible changes, varied only by minor convulsions, 
such as have been witnessed in hisU)rical times ; and in proportion 
as it is thought possible that former fluctuations in the organic 
world may be due to the indefinite modifiability of sjiecies without 
llie necessity of assuming new and independent acts of creation, 
the number and magnitude of the gaps which still remain, or the 
extreme imperfection of the record, become more and more striking, 
and what we possess of the ancient annals of the earth’s history 
appears as nothing when contrasted with that which has been 
lost. 

When we examine a large area such as Europe, tlui average as 
well as the extreme height above the sea attained by the older for- 
mations is usually found to exceed that reached by the more inoduni 
ones, the primary or paleozoic rising higher than the secondary, and 
tliese in their turn than the tertiary, while in reference to the tliree 
divisions of the tertiary, the lowest or Eocene group attains a 
higher summit level than the Miocene, and these again a greater 
height than the Pliocene formations. Lastly, the post-tertiary de- 
posits, such, at least, as are of marine origin, are most commonly re- 
stricted to much more moderate elevations above the sea-level than 
the tertiary strata. 

It is also observed that strata, in proportion as they are of newer* 
date, bear the nearest resemblance in mineral character to those 
'which are now in the progress of formation in seas or lakes, the 
newest of all consisting principally of soft mud or loose sand, in 
some places full of shells, corals, and other organic bodies, animal or 
vegetable, in others wholly devoid of such remains. The farther we 
recede from the present time, and the higher the antiquity of the 
fonnations which we examine, the greater are the changes which the 
sedimentary deposits have undergone. Masses, for example, which 
were originally soft and yielding have been condensed by pressure, 
others which were incoherent have been solidified by the infiltration 
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of mineral matter which has cemented togetlier their separate parts; 
others have been raoditied by heat, traversed by shrinkage cracks, 
and partially crystallised, or the strata have been fractured during 
earthquakes, or betit and contorted by lateral pressure, or thrown 
into a vertical position, or even overturned so that the original 
order of suiK^rposition has been inverted, and the beds which were 
at first the lowest have become the uppermost. 

The organic remains also have sometimes been obliterated entirely, 
or the mineral matter of which they were composed has l>een removed 
and replaced by other substances, as when calcareous fossils have 
b(3en silicified. 

We liktiwise observe that the older the rocks the more widely do 
th(‘ir organic remains depart from the types of the living creation. 
First, we find in the newer tertiary i^ocks a few species which no 
longer exist, mixed wdih many living ones, and then, as we go 
further back, many genera and families at pres<»nt unknown make 
their ap|>(‘arHnco, until we eorne to straUi in which tlie fossil relics 
of existing species arc nowhere to be detected, except a few of the 
lowest forms of invertehrata, while some orders of animals and plants 
wholly unre|in‘sented in the living world begin to b(‘ conspicuous. 

WluMi we study, tlierefore, the geological records of the earth and 
its ijihabitants, we find, as in human history, the defectiveness and 
obscurity of the monuments always increasing the r(‘moter the era 
to which we refer. The ditficulty of determining the true clirono- 
logical r(‘hitions of rocks is also more and more enhanced, especially 
wlien we are comparing those which were formed sinmltaneously in 
very distant regions of the globe. Hence we advance with securer 
steps when we begin with the study of the geological records of 
later times, proceeding from tlio newer to the older, or from the 
more to the less known. 

In thus inverting what miglit at first seem to be the more natural 
order of historical research, wo must bear in mind that each of the 
periods above enumerated, even the shortest, such as the Post-tertiary, 
or the Pliocene, Miocene, or Eocene, embrace a succession of events 
of vast extent, so that to give a satisfactory account of what we 
already know of any one of them would require many volumes of the 
size of this treatise. When, therefore, we approach one of the newer 
groups before endeavouring to decipher the monuments of an older 
one, it is like endeavouring to master the history of our own country 
and that of some contemporary nations, before we enter upon Roman 
History, or like investigating the annals of Ancient Italy and Greece 
before we approach those of Egypt and Assyria. That there are 
inconveniences in thus inverting the order in jwliicli the successive 
events are spoken of I fully admit, but there are also unquestionable 
advantages, and practically it will lead to np misapprehension as to 
the chronological sequence of formations. 

The origin of the terms Primary and Secondary was explained 
in the eighth chapter, pp. 90. and 96. 

The Tertiary strata were so called because they were all posterior 
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in date to the Secondary sertea, of which last the Chalk or Cretaceous, 
Ko. 9., fig. HO., constitutes the newest group. The whole of them 
were at first confounded, as before stated, p. 91., with the superficial 
alluviums of Europe ; and it was long before their real extent and 
thickness, and the various ages to which they belong, were fully re- 
cognized, They were observed to occur in patches, some of fresh- 
water, others of marine origin, their geographical area being usually 
small as compared to the secondary formations, and their position 
often suggesting the idea of their having been deposited in dif- 
ferent hays, lakes, estuaries, or inland seas, after a large portion of 
the space now occupied by Europe had already been (‘on verted into 
dry land. 

The first deposits of this class, of which the characters were ac- 
eunitcdy determined, were those occurring in tin* neighbourhood of 
Paris, de8<'rihed in 1810 by MM. Cuvier and Rrongniart. They 
were ascertained to consist of successive sets of strata, some* of 
marine, others of freshwater origin, lying one upon tin* otli(*r. The 
fossil sindls and corals were pereeiv(*d to h(‘ almost all of unknown 
species, and to have in general a near affinity to thosi* now inhabit- 
ing wanner seas. The bones and skeh‘tons of land animals, some of 
them of large siz(\ and beloiiging to inoretlian forty distinct species, 
were examined by Cuvier, and di‘clar«;d by him not to agree specifi- 
cally, nor most of them even generieally, with anyhitln‘rto observed 
in the living creation. 

Strata were soon afterwards brought to light in tlie vicinity of 
London, and in Hampshire, which altiiouizh dissimilar in mineral 
composition, were justly inferred by Mr. T. Webster to be of tlie 
‘ same age as those of Paris, because the greater number of the fossil 
shells were specifically identical. For tlie same reason, rocks found 
on the Gironde, in the South of France, and at (pertain points in 
the North of Italy, were suspcicted to be of eonteniporaiieous origin. 

A variety of deposits were afterwards found in other parts of 
Europe, all reposing immediately on rocks as old or obhir than the 
chalk, and which exhibited certain general characters of resemhlance 
in their organic remains to those previously ob8(3rved near Paris and 
London. An attempt was therefore made at first to refer the wholes 
to one period ; and when at length this seemed impracticable, it was 
contended that as in the Parisian series there were many subordinate 
formations of considerable thickness which must have accumulated 
one after the other, during a great lapse time, so tlie various 
patches of tertiary strata scattered over Europe might corn'spond in 
age, some of them to the older, and others to the newer subdivisions 
of the Parisian series. 

This error, though almost unavoidable on the part of those who 
made the first generalizations in this branch of geology, retarded 
seriously for some years the progress of classification. A more scru- 
pulous attention to the specific distinction of organic remains, aided 
by a careful regard to the relative position of the strata containing 
them, led at length to the conviction that there were tertiary forma- 
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tions, both marine and freshwater of rarious ages, newer than the 
strata of the neighbourhood of Paris and London. 

One of the first steps in this chronological reform was made in 
1811, by an English naturalist, Mr. Parkinson, who pointed out the 
fact that certain shelly strata, provineially termed “ Crag ’’ in Suffolk, 
were decidedly superimposed on a deposit which was the continua- 
tion of the blue clay of London. At the same time ho remarked that 
the fossil testacea in these newer bcjds were distinct from those of 
the underlying blue clay, and that while some of them were of un- 
known speeies, many others were identical with species now inhabit- 
ing the British sens. 

Another important discovery was soon afterwards made by Brocchi 
in Italy, who investigated the argillaceous and sandy deposits, re- 
jdete with shells, which form a low range of hills, flanking the 
Apennines on both sides, from the plains of the Po to Calabria. 
These lower hills were called by him tlie Subnpennines, and were 
formed of strata chiefly marine, and newer than those of Paris and 
London. 

Another tertiarygronp occurring in the neighbourhood of Bordeaux 
and Dax, in the South of France, was examined by M. de Basterot 
in 182.5, who d(‘scribcd and figured several hundred species of shells, 
which differed for the most part both from the Parisian seriejs and 
those of the Subapennino hills. It was soon, therefore, suspected 
tliat tliis fauna might belong to a period intermediate between that 
of the Parisian and Subapennino strata, and it was not long before 
the evidence of siiper[)osition was brought to bear in support of this 
opinion ; for other strata, contemporaneous with those of Bordeaux, 
were observed in one district (the Valley of the Loire), to overlie the 
Parisian formation, and in another (in Piedmont) to underlie the Sub- 
apennine beds. The first example of these was pointed out in 1829 
by M. Desnoyors, who ascertained that the sand and marl of marine 
origin called Faluns, near Tours, in the basin of the Loire, full of sea- 
shells and corals, rested upon a lacustrine formation, which constitutes 
the uppermost subdivision of the Parisian group, extending con- 
tinuously throughout a great table-land intervening between tlie 
basin of the Seine and that of the Loire. The other example occurs 
in Italy, where strata, containing many fossils similar to those of 
Bordeaux, were observed by BonelH and others in the environs of 
Turin, subjacent to strata belonging to the Subapennine group of 
Brocchi. 

Without pretending to give a complete sketch of the progress of 
discovery, I may refer to the facts above enumerated, as illustrating 
the course usually pursued by geologists when they attempt to found 
new chronological divisions. The method bears some analogy to that 
pursued by the naturalist in the construction of genera, when be se- 
lects a typical species, and then classes as congeners all other species 
of animals and plants which agree with this standard within certain 
limits. The genera A. and C. having been founded, on these prin- 
ciples, a new species is afterwards met with, departing widely both 
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from A. and C., but in many respects of an intermediate character. 
For tins new type it becomes necessary to institute the new genus B,, 
ill which are included all species afterwards brought to lights which 
agree more nearly with B. than with the types of A. or C, In like 
manner a new formation is met with in geology, and tlie characU*rs 
of its fossil fauna and flora investigated. From that moment it is 
considered as a record of a certain jK^iod of the earth’s history, and a 
htnndai-d to which other deposits may be compared. If any are found 
containing the same or nearly the same organic remains, and occupy- 
ing tlie same relative position, they are regarded in the light of con* 
temporary annals. All such monuments are said to relate to one 
period, during which certain events occurred, such as the formation 
of particular rocks by aqueous or volcanic agency, or the continued 
existence and fossilization of certain tribes of animals and plants. 
WJien several of these periods have had tlieir true places assigned to 
them in a chronological series, others are discovered which it be- 
comes necessary to intercalate between those first known ; and the 
difliculty of assigning clear lines of separation must unavoidably 
incr(‘ase in proportion as chasms in the past history of the gloln* are 
tilled up. 

Every zoologist and botanist is aware that it is a comparatively 
easy task to establish genera in departments which liave been en- 
riched with only a small number of species, and where tliere is as 
yet no tendency in one set of characters to pass almost ins(‘nsil>ly, by 
a multitude of connecting links, into another. They also know that 
the difficulty of classification augments, and that the artificial nature 
of llicir divisions becomes more apparent, in proportion to the increased 
runnber of objects brought to light But in separating families and 
genera, they have no other alternative than to avail themselves of 
such breaks as still remain, or of every hiatus in the chain of ani- 
mated beings which is not yet filled up. So in geology, we may be 
eventually compelled to resort to sections of time as arbitrary, and as 
jmrely conventional, as those which divide the history of human 
events into centuries. But in the present state of our knowledge, it 
is more convenient to use the interruptions which still occur in the 
regular sequence of geological monuments, as boundary lines between 
our principal groups or jieriods, even though the groups thus esta- 
blished are of very unequal value. 

The isolated position of distinct tertiary deposits in different parts 
of Europe has been already alluded to. In addition to the difficulty 
presented by this want of continuity when we endeavour to settle 
the chronological relations of these deposits, another arises from tlie 
frequent dissimilarity in mineral character of strata of contemjiora- 
neous date, such, for example, as those of London and Paris before 
mentioned. The identity or non- identity of species is also a criterion 
which often fails us. For this we might have been prepared, for we 
have already seen, that the Mediterranean and Red Sea, although 
within 70 miles of each other, on each side of the Isthmus of Suea^ 
have each their peculiar fauna ; and a marked difference is found in 
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the four groups of testacea now living iu the Baltic, English Cbaime), 
Black Sea, and Mediterranean, although all these seas have many 
species in common. In like manner a considerable diversity in the 
fossils of different tertiary formations, which have been thrown 
down in distinct seas, estuaries, bays, and lakes, does not always 
imply a distinctness iu the times when they were produced, but may 
have arisen from climate and conditions of physical geography wholly 
inde}>endcnt of time. On the other hand, it is now abundantly clear, 
as the result of geological investigation, that different sets of tertiary 
strata, immediately su[)erimjK)8cd upon each other, contain distinct 
embedded sjiecieg of fossils, in consequence of fluctuations which have 
been going on in the animate creation, and by which in the course of 
ages one state of things in the organic world has been substituted for 
another wholly dissimilar. It has also been shown that in ])ropor- 
tion as the age of a tertiary deposit is more modern, so is its fauna 
more analogous to that now iu being in the neighbouring s(*as. Jt is 
this law of a nearc^r agr(?ement of the fossil testa(‘ea with the species 
now living, which may of'ten furnish us witli a clue for the clirono- 
logical arrangement of scattcired deposits, where we cannot avail our- 
selves of any one of the three ordinary chronological tests ; namely, 
superposition, mineral character, and the specific identity of tlie 
fossils. 

Thus, for example, on the African border of the R(‘d Sea, at the 
height of 40 feet, and sometimes more, above its level, a white cal- 
careous formation has been observed, containing several Imndred 
8)>ecie8 of shells differing from those found in the clay and volcanic 
tuff of the country round Naples, e.g. in the Bay of Bairn. Another 
deposit has been found at Uddevalla, in Sweden, in whicdi the 
shells do not agree with those found near Naples. But although 
in these tliree cases there may be scarcely a single shell common to 
the three different de[)Osits, we do not hesitate to reft*r them all to 
one period (the Post-pliocene), because of the very close agreement 
of the fossil species iu every instance with those now living in the 
contiguous seas. 

To take another example,* where the fossil fauna recodes a few 
steps farther back from our own times. We may compare, first, 
certain beds at the eastern base of Etna near Trezza, hereafter to be 
mentioned; secondly, others of fluvio-mariue origin near Norwich ; 
and, lastly, a third sot often rising to considerable lieights iu Sicily : 
and we discover that iu every case more than three-fourths of 
the shells agree with species still living, while the remainder are 
extinct. Hence we may conclude that all these, greatly diversified as 
are their organic remains, belong to one and tlie same era, or to a 
period immediately antecedent to the Post-pliocene, because there 
has been time in each of the areas alluded to for an equal or nearly 
equal amount of change in the marine testaceous fauna. Contempo*^ 
raneousness of origin is inferred in these cases, in spite of the most 
marked differences of mineral character or organic contents, from a 
Bimilar degree of divergence in the shells from those now living in the 
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adjoining seas. The advantage of such a test consists in supplying 
us with a common point of departure in all countries, however 
remote. 

But the farther we recede from the present times, and the smaller 
the relative number of recent as compared with extinct 8j>ecie8 in 
the tertiary deposits, the less confideuce can we place in the exact 
value of such a test, es[)ecially when comparing the strata of very 
distant regions ; for we tsaniiot presume that the rate of former 
alterations in the animate world, or the continual going out and 
coming in of s{>ecies, has been everywhere exactly etjual in eipial 
quantities of time. The form of the land and sea, and the climate, 
may have changed more in one region than in another ; and conse- 
quently there may have been a more rapid destruction and renova- 
tion of s|)ecies in one part of th(‘ globe tlian elsewliere. Consider- 
ations of this kind should undoubtedly })Ut us on our guard against 
relying too imj)licitly on the a<*eura(‘y of this test ; y<*t it enn never 
fail to throw great light on the ehronoiogieal relations of tertiary 
groups with each other, and with the l^Kst- pi ioeeia^ pi*riod. 

We may derive a conviction of this truth not only from a study of 
geological inoimineiits of all ages, but also by refle<‘ting on the ten- 
dency which jirevails in the present state of nature to a uniform rate 
of simultaneous tiuctuation in the flora and fauna of the whole globe. 
The grounds of such a doctrine cannot be discussed h(*r(‘, and 1 have 
explained them at some length in the third Book of the '‘J^rin- 
eiples of Geology,” where the causes of the su(‘cessive extinction oi* 
species are <‘onsi(lcred. It will be there seen that (‘ueh local change*, 
in climate and physical geograjdiy is atteunh'd with the immediate 
increase of certain s])ecies, and the limitation of the rangci of others. 
A revolution thus effected, is rarely, if <‘vcr, confin<‘d to a limited 
space, or to one geogra})bical province of‘ animals or [>lants, but 
affects several other surrounding and contiguous provinces. In eacli 
of these, moreover, analogous alterations of the stations and habi- 
tations of species are simultaneously in progress, rea(*ting in the 
manner already alluded to on the first [irovince. lienee, long befon* 
the geography of any particular district can be essentially alten'd, 
the flora and fauna throughout the world will have b(*en materially 
modified by countless disturbances in the mutual relation of the 
various members of the organic creation to each other. 'I'o assumi* 
that in one large area inhabited exclusively by a single assornblagc of* 
species any important revolution in physical^eograpliy can he brought 
about, while other areas remain stationary in regard to the }K)sitioii 
of land and sea, the height of mountains, and so forth, is a most im- 
probable hypothesis, wholly opposed to what we knf)w of the laws 
now governing the aqueous and igneous causes. On the other hand, 
even were this conceivable, the communication of heat and cold 
between different parts of the atmosphere and ocean is so free and 
rapid, that the temperature of certain *ones cannot be materially 
raised or lowered without others being immediately affected ; and the 
elevation or diminution in height of an important chain of mountains 
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or the submergence of a wide tract of land would modify the climate 
even of the antijjodcs. 

It will be observed that in the foregoing allusions to organic re- 
mains, the testacea or the shell- bearing mollusca are selected as the 
most useful and convenient class for the purposes of general classifi- 
cation. In the first jdace, they are more universally distributed 
through strata of every age than any other organic bodies. Those 
families of fossils which are of rare and casual occuirenco are abso- 
lutely of no avail u\ establishing a chronological arrangement. If we 
have j)l}ints alone in one group of strata and the bones of mammalia 
in anotlier, we can draw no conclusion respecting the affinity or dis- 
cordance of the organic beings of the two e[)Och8 com[)ared ; and the 
same may be said if w(^ have [dnrits and vertebrated animals in one 
series and only shells in anotlier. Although corals are more abuii- 
(hint, in a fossil state, thnii jdants, reptiles, or fish, they nn‘ still rare 
when contrasted w’itli sliells, e-^jiccially in the Euroj>ean tertiary for- 
mations. The utility of the testacea is, moreover, enliMiiced by the 
circumstance that some forms are proper to the sea, oth(*rs to the 
land, and others to freshwater. Rivers scarcely ever fail to carry 
d(»wn into tlu ir deltas soin<^ land-shells, together witli species whicli 
are at on(‘e flnviatilo inul lacustrine. By this means we learn wlmt 
terrestrial, fresliwater, and marine species coexisted at jiartieular 
eras of t]i(‘ past : and having thus identified strata formed in seas 
with others which originated contemjioraneously in inland lakes, m^o 
arc tluMi enabled to advance a step farther, and slunv that certain 
quadrupeds or aquatic plants, found fossil in lacustrine formation-!, 
inhabited tlie globe at tlie same period when certain fish, reptiles, and 
zoophytes lived in the ocean. 

Among otlier characters of the molluscous animals, which render 
tliem extremely valuable in settling chronological questions in geology, 
may be mentioned, first, the wide geographical range of many s]>ecies ; 
and, secondly, what is probably a consequence of the former, the great 
duration of species in this class, for they appear to liavc surpassed in 
longevity the greater number of the mammalia and fish. Had each 
species inhabited a very limited space, it could never, when embedded 
in strata, have enabled the geologist to identify deposits at distant 
points ; or had they each lasted but for a brief period, they could 
have thrown no liglit on the connection of rocks placed far from 
each other in the chronological, or, as it is often termed, vertical 
series. 

Many authors have divided the European tertiary strata into three 
groups — lower, middle, and upper ; the lower comprising the oldest 
formations of Paris and Loudon before mentioned ; the middle those 
of Bordeaux and Touraine ; and the upper all those newer than the 
middle group. 

When engaged in 1828 in preparing my work on the Principles of 
Geology, I conceived the idea of classing the whole series of tertiary 
strata in four groups, and endeavouring to find characters for each, 
expressive of their different degrees of afiSnity to the living fauna* 
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With this view, I obtained information respecting the 8|>ecific iden- 
tity of many tertiary and recent shells from several Italian naturali.'^ts, 
and among others from Professors Bonelli, Guidotti, and Ctjsta. 
Having in 1829 become acquainted with M. Deshayes, of Paris, 
already well known by his conchological works, I learnt from him 
that he had arrived, by independent researches, and by the study of 
a large collection of fossil and recent shells, at very similar views re- 
specting tlie arrangement of tertiary formations. At my requt'st he 
drew up, in a tabular form, lists of all tlie shells known to him to 
oeour both in some tertiary formation and in a living state, for the 
express purpose of ascertaining the proportional nuuil)er of fossil spe- 
cies identical with the recent which eharaoterised successive groups; 
and this table, planned by us in common, was })ublished by me in 
1833.* Tlie number of tertiary fossil shells examined by M. Deshayes 
was about 3000; and the recent species with which they had been 
compared about 3000. The result then arrived at was, that in the 
lower tertiary strata, or those of London and Paris, there were about 
3| |>er cent, of species identical w’ith recent; in the middle tertiary 
of the Loire and Gironde about 17 per cent. ; and in the uj>j>er tertiary 
or Subapennine beds, from 35 to 50 per cent. In ftuinations still 
more modern, some of which I had particularly studied in Sicily, 
where they attain a vast thickness and ek^vation above the sea, tbo 
number of* species identical with those now living was heliev(‘d to be 
from 90 to 95 per eent. For the sake of clearness and brevity, I 
]>roposed to give short technical nanu's to tliese four groups, or the 
j)eriods to which they respectively b(‘]onged. I called the first or 
olde.>t of them Eocene, the second Miocene, the third ()ld(*r Pliocene, 
and the last or fourth Newer Pliocene. The first of the above terms, 
P^ooenc, is derived from cos, dawn, and ktovoc, cainos, recent, 
because the fossil shells of tliis period contain an extremely small 
])roportion of living sj)ecies, which maybe looked upon as indicating 
the dawn of the (*xisting state of the testaceous fauna, no r(*cei»t 
species having been deteetted in the older or secondary rocks. 

Tlie term Miocene (from ineion, less, and Kaiyor, cainos, 

recent) is intended to express a minor proportion of recent species 
(of testacea), the term Pliocene (from ttXuov, pleion, more, and Kniror, 
cainos, recent) a comparative plurality of the same. It may assist 
the memory of students to remind them, that the iWVocene contain a 
minor proportion, and P/iocene a comparative pluvQ.\Uy of recent 
species; and that the greater number of rece»t species always implies 
the more modern origin of the strata. 

It has sometimes been objected to this nomenclature that certain 
species of infusoria found in the chalk are still existing, and, on the 
other hand, the Miocene and Older Pliocene deposits often contain 
the remains of mammalia, reptiles, and fish, exclusively of extinct 
species. But the reader must bear in mind that the terms Eocene, 
Miocene, and Pliocene were originally invented with reference purely 


* See Principles of Geology, vol. iii. 1st ed. 
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U) cottchological data, and in that sense have always been and are 
still used by me. 

The distribution of the fossil species from which the results before 
mentioned were obtained in 1830 by M, Deshayes was as follows ; — 

In th(j formations of the Pliocene periods, older and newer - 777 

In the Mim’cne (upper or Falunian) . • - 1021 

In the Eocene (including the Gres de Fontainebleau) 

3036 

Since tlio year 1830, the number of new living species obtained 
from different parts of tlie globe has licen exceedingly great, supply- 
ing fresh data for comparison, and enabling tlie paleontologist to 
eorreet many erront'ous identifications of fossil and recent forms. New 
s}H‘cics also liav(5 bt‘cn collected in abundance from tertiary formations 
of ev(‘ry age, while newly discovered groups of strata have filled up 
gaps ill tlie previously known series. Hence modifications and re- 
forms have been called for in ihe classification first proposed. The 
Eoceru*, Miocene, and Pliocene periods have been made to compre- 
hend certain sets of strata of which the fossils do not always conform 
strictly in tlie proportion of recent to extinct species with the defini- 
tions first given by me, or which are implied in the etymology of 
those terms. Of these and other innovations I shall treat more fully 
in the fourteentli and fifteenth chapters. 

Newer Pliocene — Ischia , — We have already seen, page 108., that 
in the neighbourhood of Naples there are stratified tuffs containing 
a large numluT of fossil shells agreeing specifically with those now 
living in the Mediterranean. Of an age immediately antecedent to 
those Post-pliocene formations are the volcanic tufi’s of the ncigli- 
bouring island of Iscliia, some of them rising in tlie summit of SanLa 
Nicola or Monte Eponico to the height of 260o feet above the sen. 
I stated in the first editions of the Principles of Geology ’’ * that in 
1828 I had procured many fossil shells from near tlie village of 
Moropano, at an elevation of 2000 feet above the Mediterranean. I 
have since found, on revisiting Ischia, that the spot is not more than 
1600 feet high ; but this error is not of geological importance, as the 
beds are admitted to form a part of the same greenish and blueish 
marls which reach the top of Epomeo. The whole of the fossil 
species, 28 in number, which I first collected there, were examined 
by M. Deshayes and recognized by him as all now living. I called 
them Newer Pliocene, considering them of much more modern date 
than the Subapennine strata f, to which Signor Spada Lavini pro- 
posed, in 1853, to refer them. He seems to have adopted this opinion, 
because among a larger number of fossils obtained from these beds 
in Ischia, Buccinum semistriatum and Murex vaginatus (see fig. 141.) 
had been found. Both of these shells were supposed to be extinct ; 
but although this is true of the first, which is a common Subapennine 

♦ Principles of Geology, vol. iii. p. 1833. 
t See Principles, Table, vol. iii. pp. 16, and 126. 
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shell, it is not so of the other, for the Murex still lives in the 
Mediterranean, though rare*, and reeent s|)ecimen8 of it may be 
seen in Mr. Cuming's collection in London, from which the an- 
nexed figure is taken. Several Italian geologists, who had not ex- 
amined Ischia, hastily adopted the classification 
of Signor Spada ; but M. Puggaard, who was well 
acquainted with the island, immediately entered 
his protest against itf ; and there can l>e no doubt, 
from the general character of the organic remains, 
that the mass of Epomco was formed beneath the 
waters of the sea at the close of the Newer Pliocene 
period, and was raised to a licight of 2(>(K) feet 
above its original level in Post-])liocene times. 

Vesuvius . — The old cone of Vesuvius, or Monte 
Somma, is, geologically speaking, so modern that the 
eruption by wliicli it was formed burst throngli imi- A/„rrj tfafitmttu*, 
rine clays and tuffs of the same age as those of Ischia 
above mentioned. Fragments of tuff and conglomerate found amongst 
the ancient ejectamenta, and constituting part of the strata laid open 
in the ravine called Fosso Grande and in the Kivo di (,)uaglia, the 
latter 972 feet high above the sea, have supplied Signor Guiseurdi witli 
100 shells, among which one, and one only, namely, Jhiccinum semi- 
striatum, before alluded to, is extinct. The oldest eruptions, thendbre, 
of the Campi Phlegragi, or volcanic regions of Naples, took place pre- 
cisely at the close of the Newer Pliocene ])eriod, when about one 
shell only in a hundred differed from those now living in the Mediter- 
ranean. 

Sicily, Eastern base of Mount Etna , — At several f>oints north 
of Catania, on the eastern sea-eoast of Sicily, as at Aci-C-astcllo, 
for exam])le, Trezza, and Nizzeti, marine strata, associated with vol- 
canic tuffs and basaltic lavas, are seen, which belong to a period 
wlien the first igneous crujitioiis of Mount Etna were taking place 
in a shallow bay of the Mediterranean. During my first visit to 
Sicily in 1828, I collected sixty-five species of shells from these 
clays and sands, which may be said, togetlier with the associat'd 
igneoUvS products, to constitute the foundations of the gre^at vol- 
cano. With the help of M. Deshayes, I was enabled to f)ublisl» a 
list of their names J, showing that nearly all of them agreed with 
species now inhabiting the adjoining sea. In 18o7 and IHJS, when 
I revisited Sicily, I obtained, through the l^indness of Dr. Aradas, of 
Catania, a much larger number of species from the same localities, 
which confirmed the conclusions formerly arrived at as to the age 
of these deposits. Out of 142 shells, all but eleven proved to be 
identical with species now living. Some few of these eleven shells 
may possibly still linger in the depths of the Mediterranean, like 

♦ Lyell on Mount Etna, Phil. Trans., 285., and xv. p. 362. 
p. 778., 1858. t Principles of Geology, roL ifi. Ap- 

t Bulletin dc la Soc. Geol. de France, pendix, 1833. 
torn xi,, 2e ser., p. 72., and tom. xiii, p. 
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Murex vaginata$y fig. 139., p. 189. The last-mentioned shell bad 
already become rare, when the sub-Etnean de[>osit8 were formed. 
On the whole, the modern character of the testaceous fauna under 
consideration is expressed not only by the small projK)rtion of extinct 
Bpeeies, but by the relative number of individuals by which most of 
the other species are represented, for the prof>ortion agrees with 
that observed in the present fauna of the Mediterranean. The only 
extinct shell which can be said to be common is Buccinum semi- 
Uriahim ; B, musivum comes next in abundance. The rarity of the 
otlier nine is such as to imply that they were already on the point 
of dying out, having fiourished chiefly in the earlier Pliocene times 
W'h(*n the Suhapennine strata were in progress. 

Yet since the accumulation of these Newer Pliocene sands and 
clays, the whole cone of Etna, 11,000 feet in height and about ninety 
rlliIe^ in circumference at its base, has been slowly built up; an 
op(‘rntion requiring many tens of thousands of years for its accom- 
jdishmont, and to estimate the magnitude of which it is necessary to 
study in detail the internal structure of the mountain, and to see the 
})roofs of its double axis, or the evidence of the lavas of tlie present 
great centre of eruption having gradually overwhelmed and en- 
veloped a more ancient cone, situated 3^ miles to the east of the 
present one. Wa ought also to satisfy ourselves, as we may easily 
do, that in breadth and thickness each of the older lavas did not 
exceed in their average volume the products of single outpourings 
of historical times. In s])eculating, moreover, on the lapse of bygone 
ages, we must take into account the diflerent dates and varying 
eoin])osition of the dikes up which the lavas poured, whether be- 
longing to the eastern or western axis, and the manner in which 
one set of dikes cuts through an older one ; also, the vast denu- 
dation to which the Val del Bove, or dee}> valley, on the eastern 
flunk of the mountain bears testimony ; and, lastly, the gradual 
U])hen\ al above the level of the sea of some of the submarine rocks 
iirst formed, and the origin of many hundred minor cones, the result 
of lateral outbreaks during the most modern phase of eruption. 
These and other observations must be made, before tlie prodigious 
antiquity of the Newer Pliocene marine strata above described can 
be fully ap])reciatcd.* 

It appears that while Etna was increasing in bulk by a series of 
eruptions, its whole mass, comprising the foundations of subaqueous 
origin above alluded to, was undergoing a slow upheaval, by which 
those marine strata were raised to the height of 1200 feet above the 
sea, as seen at Catera, and perhaps to greater heights, for we cannot 
trace their extension westward owing to the dense and continuous 
covering of modern lava under which they are buried. During the 
gradual rise of these Newer Pliocene formations (consisting of clays, 
sands, and basalts), other strata of Post-pliocene date, marine as well 
as fluviatile, accumulated round the base of the mountain, and these, 

* Seo a ISIcmoiron the I<avas and Mode of Origin of Mount Etna, by the Author, 
Phil. Trans., 1858. 
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in thtir turn, partOi)k of the upward movement, so that several 
inland cliffs and terraces at low levels, duo partly to the action of 
the sea and partly to the river Simeto, originated in succession. 

Fossil remains of the elephant, and other extinct quadrujieds, have 
been found in these Post-pliocene strata, associated with recent shells. 

-iVcirer Pliocene strata of Sicify , — There is probably no part of 
Euroj>e where the Newer Pliocene formations enter so largely into 
the structure of the earth’s crust, or rise to such heights above the 
hn el of the sea, as Sicily. They cover nearly half the island, an<l 
near its centre, at Castrogiovanni, reach an elevation of 3000 feet. 
They consist principally of two divisions, the uj>per calcareous, an<l 
tlie lower argillaceous, both of which may be seen at Syracuse, Gir- 
genti, and Castrogiovanni. 

A<*cor(Hng to Philippi, to whom we are indebted for the best 
aeeount of the tertiary shells of this island, thirty-five species out 
of one hundred and tw^enty-four obtained from the beds in central 
Sicily are extinct. 

A geologist, accustomed to see nearly all the Newer Pliocene for- 
mations in the north of Europe occupying low grounds and very 
incoherent in texture, is naturally surprised to behold formations of 
the same age so solid and stony, of such thickness, and attaining so 
great an elevation above the level of the sea. 

The upper or calcareous member of this group in Sicily consists 
in some places of a yellowish-white stone, like the Calcaire Grossier 
of Paris ; in others, of a rock nearly as compact as marble. Its aggia*- 
gate thickness amounts sometimes to 700 or 800 feet. It usually 
occurs ill regular horizontal beds, and is occasionally inters(‘cted by 
deep valleys, such as those of Sortino and Pentaiica, in wliieh an* 
numerous caverns. Tlie fossils are in every stage of prcvservation, 
from shells retaining })ortions of their animal matter and colour to 
others wliieh are mere casts. 

The limestone passes downwards into a sandstone and coiiglome- 
mcrate, below which is clay and blue marl, like that of the Suh- 
ajieiinine hills, from which jierfect shells and corals may be dis- 
engaged. The clay sometimes alternates with yellow sand. 

South of the plain of Catania is a region in which the tertiary 
beds are intermixed with volcanic matter, which has been for the 
most part the product of submarine eruptions. It apjiears that, while 
the clay, sand, and yellow limestone before mentioned witc in cruiix* 
of deposition at the bottom of the sea, volcanoes burst out beneath 
the waters, like that of Graham Island, in 1831, and tliese explosions 
recurred again and again at distant intervals of time. Volcanic ashes 
and sand were showered down and spread by tlie waves and currents 
so as to form strata of tuff, which are found intercalated between 
beds of limestone and clay containing marine shells, tlie thickness of 
the whole mass exceeding 2000 feet. The fissures tlirough which the 
lava rose may be seen in many places forming wliat are called dikes. 
In part of the region above alluded to, as, for example, near Len- 
tini, a conglomerate occurs in which I ohserved many pebbles of 
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volcanic rocks covered by full-grown serpultB, We may explain the 
origin of these by 8upi>osiiig that there were some small volcanic 
islands which may have been destroyed from time to time by the 
waves, as Graham Island has been swept away since 1831. The 
rounded blocks and [mbblcs of solid volcanic matter, after being rolled 
for a time on the Isiach of such temporary islands, were carried at 
length into some tranquil part of the sea, where they lay for years, 
while the mariinj serpulw adhered to them, their shells growing and 
covering their surface, as they are seen adhering to the shell figured 
in [), 22. Finally, the bed of pebbles was itself covered with strata 
of ftindly limestone. At Vizziiii, a town not many miles distant to 
the SW., I remarked anotlier striking proof of the gradual manner 
in whieh these modern rocks were formed, and,the long intervals of 
time wliich elapsed between the pouring out of distinct 8lie(‘ts of lava, 
a bed of oysters no less than 20 feet in thickness rests nf>on a cur- 
rent ofbaHiillic^ lava. The oysters are perfectly identifiable with our 
common (;atiible sjiecies. Upon the oyster-bed, again, is superim- 
|)0 k<m 1 a second mass of lava, together with tuff or peperino. In the 
midst of the same altcTiiating igneous and aqueous formations is seen, 
near Galieri, not far from Vizzini, a horizontal bed, about a foot and 
a lialf in tbickm^ss, cornfKised entirely of a common ]\Iediterraii(*aii 
vOYfiX {('aryoj)hyUia These corals stand erect as 

they grew ; and, after being traced for hundreds of yards, are again 
found at a corres])ondiiig height on the opposite side of the valley. 


Fig. 142. 



CarpopHyllia dtsptiosa, L.ini. [CUulocor a stellar ta, Milne Edw. and llnime.) 

a. Stem with young growing from io hide. 

rt*. Young htem o( same twieo magoltiiHl. 

b. Portion of brunch, twifc magmtied. w'lth the base of u lateral branch; the exterior 

ridges of the mam br.mch appearing through the lumcllee of the lateral one. 

c. Traiuverse section of same, proving, bv the integrity of tlie main branch, that the 

lateral one did not originate in a hubdivision of the animat. 

d. A branch, having at us buhe another laterally united to it, and two young corals at 

its upper part. 

e. A main branch, with a fuU-gtown lateral one. 

J, A perfect terminal star. 

The corals are usually branched, but not by the division of the 
animals, as some have supposed, but by the attachment of young indi- 
viduals to the sides of the older ones ; and we must understand this 
mode of increase, in order to appreciate the time which was required 
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for the building op of the whole bed of coral during the growth of 
many successive generatious.* 

A^oug the oth^ fossil shells met with in these Sicilian strata, 
which still continue to abound in the Mediterranean^ no shell is more 
conspicuous, irom its size and fVequent occurrence, than the great 
scallop, (see fig. 143.), now so common in the neigh > 

bouring seas* We see this shell in the calcareous beds at Palermo 
in great numbers, in the limestone at Girgenti, and in that which 
alternates with volcanic rocks in the country between Syracuse and 
Vizzini, often at great heights above the sea. 


Fig. 143. 



PecUn jacoLaus i half oatura) tile 


The more we reflect on the preponderating number of these rwent 
shells, the more we are surprised at the great thickness, solidity, anti 
height above the sea of the rocky masses in which they are entomlxid, 
and the vast amount of geographical change which has taken place 
since their origin. It must be remembered that, before they l>egaii 
to emerge, the uppermost strata of the whole must have been de- 
posited under water. In order, therefore, to form a just couception 
of their antiquity, we must first examine singly the innumerable 
minute parts of which the whole is made up, the successive beds ol’ 
shells, corals, volcanic ashes, conglomerates, and sheets of lava; and 
we must afterwards contemplate the time required for the gradual 
upheaval of the rocks, and the excavation of the valleys. The his- 
torical period seems scarcely to form an appreciable unit in this com- 
putation, for we find ancient Greek temples, like those of Girgenti 
( Agrigentum), built of the modern limestone of which we are s|)eak* 
ing, and resting on a bill composed of the same ; the site having re- 

* I am indebted to Mr. Lontdale for the details above given respecting the 
stracture of this coral. 
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mained to all appearance unaltered since the Greeks first colonised 
the island. 

The modem geological date of the rocks in this region leads to 
another singular and unexpected conclusion — namely, that the fauna 
and flora of a large part of Sicily are of higher antiquity than the 
country itself, having not only flourished before the lands were raised 
from the deep, but even before their materials were brought together 
beneath the waters. The chain of reasoning which conducts us to 
this opinion may be stated in a few words. The larger part of the 
island has been converted from sea into land since the Mediterranean 
was j)eopled with nearly all the living species of testacea and zoo- 
phytes. We may therefore presume that, before this region emerged, 
the same land and river shells, and almost all the same animals and 
f)lants, were in existence which now people Sicily; for tlie terrestrial 
fauna and flora of this island are precisely the same as that of other 
lands surrounding the Mediterranean. There appear to be no peculiar 
or indigenous species, and those which are now established there must 
bo supposed to have migrated from pre-existing lands, just as the 
]>lants and animals of the Neapolitan territory have colonized Monte 
Nuovo since that volcanic cone was thrown up in the sixteenth 
century. 

Such conclusions throw a new light on the adaptation of tlic attri- 
butes and migratory habits of animals and plants to the changes which 
are unceasingly in progress in the physical geogra})hy of the globe. 
It is clear that the duration of species is so great, that they are des- 
tined to outlive many important revolutions in the configuration of 
the earth’s surface ; and hence those innumerable contrivances for 
enabling the subjects of the animal and vegetable creation to extend 
their range ; the inhabitants of the land being often carried across 
the ocean, and the aquatic tril)e8 over great continental spaces. “ It 
is obviously ex[)edient that the terrestrial and fiuviatile s|>ecies should 
not only l3e fitted for the rivers, valleys, plains, and mountains which 
exist at the era of their creation, but for others that are destined to 
be formed before the species shall become extinct ; and, in like man- 
ner, the marine species are not only made for the deej) and shallow 
regions of the ocean existing at the time when they are called into 
being, but for tracts that may be submerged or variously altered in 
depth during the time that is allotted for their continuance on the 
globe.** * 

♦The three last pages, on “The the Geological Evidences of the An- 
Newer Pliocene Strata of Sicily,” are tiquity of Man, I have shown (chaps, 
given verbatim as they appeared thirty xxi. toxxiv.) that Mr. Darwin’s theory 
years ago in the first edition of the Priii- of natural selection removes many of the 
ciples of Geology (vol. iii.p.115., 1833). principal difficulties which stood in the 
The last sentence, marked with inverted w’ay of Lamarck’s doctrine of transmn- 
commas, was couched in language im- tation; and had I inclined as much in 
]^Wing my adherence to the theory that 1833 towards embracing Mr. Darwin’s 
each species was originally created such views as I do now, I should have ex- 
as it now exists, and was Incapable of pressed myself somewhat differently, 
varying so as to pass into a new and But I have thought it best not to re-cast 
distinct species. In my recent work on a passage which has been so often 
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Neioer Piioce$te strata of the Upper ValeTArno . — When we ascend 
the Arno for aboat ten miles above Florence, we arrive at a dec»p nar- 
row valley called the Upper Val d’Arno, which apjwars once to have 
been a lake at a time when the valley below Florence was an arm of the 
sea. The horizontal lacustrine strata of this upper basin are 12 miles 
long and 2 broad. The depression which they fill has Immjd excavated 
out of Eocene and Cretaceous rocks, which form everywhere the sides 
of the valley in highly inclined stratification. The thickness of the 
more modem and unconformable beds is about 750 feet, of which the 
up|)or 200 feet consist of Newer Pliocene strata, while the lower are 
Older Pliocene. The newer series are made up of sands and a con- 
glomerate called ‘‘sansino.” Among the embedded fossil mammalia 
are Mastodon arvemensis^ Elephas fneridionalis, Rhinoceros etrmcus. 
Hippopotamus major^ and remains of the genera bear, hymiio, and 
felis. 

In the same upper strata are fouml, according to M. Gnudin, the 
leaves and cones of Glyptostrohus europmis^ a })laut closely allied 
G, heieropkyllus^ now iuabiting the north of China and Japan. This 
conifer had a wide range in time, having been traced back to tlu* 
Lower Miocene strata of Switzerland— and being common at CEningeii 
in the Upper Miocene, as we shall see in the sequel, Chapter XV. 

Neiver Pliocene strata of England. — It is in the counties of Nor- 
folk, Suffolk, and Essex, that wo obtain our most valuable information 
respecting the British Pliocene strata, whether newer or older. They 
have obtained in those counties the provincial name of “Crag,’* 
applied particularly to masses of shelly sand which have long been 
used in agriculture t<^ fertilise soils deficient in calcareous matter. 

In Suffolk the strata so named are divisible into the Lower, calhul 
the White, or Coralline, and the Up[K?r, or the Red Crag ; * but the in- 
ferior division occupies a very limited area, and the Red Crag usually 
reposes directly and without the intervention of the Coralline on older 
strata, as in Essex, for example, where the relative position of the 
Red Crag to the London Clay (an Eocene deposit) and to the ehalk 
is explained in the accompanying diagram. Both the White and the 

Fig. 144. 


Crag. Laodon Clay. Chalk. 



Red Crag, as we shall see in the sequel, belong to the Older Pliocent* 
period, whereas a more modern deposit, occurring in the neighbour- 
hood of Norwich, is referable to the Newer Pliocene. It consists of 

cited, both by writers who opposed and indefinitely modified in their organiza- 
approred of it. The main proposition tion under the inflaence of new con - 
which seemed so startling in 1833, ditions in the animate and inanimate 
namely, that species in general may world. 

be older than the lands and seas they * See paper by E. Charleswortb, Esq. ; 
inhabit, is now the creed of almost London and Ed. Phil. Mag., No. xxxviii. 
every geologist, whether he adopts or p. 81., Aug. 1835. 
rejects the theory that species may be 

o2 
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beds of incoherent sand, loam, and gravel, whicli are exposed to view 
on both banks of the Yare near Norwich. As they contain a mixture 
of marine, land, and freshwater shells, with ichtbyolites and bones of 
mammalia, it is clear that these beds have been accumulated at the 
l>ottom of a sea near the mdfeith of a river. They form patches 
varying from 2 to 20 feet in thickness, resting on white chalk, and 
are eovei’ed by a dense mass of stratified Hint-gravel. The surface 
of the chalk is often fKjrforated to the depth of several inches by the 
Pholas criapata^ each fossil shell still remaining at the bottom of its 
cylindrical cavity, now filled up with loose sand from the incumbent 
crag. This sjjeeies of Pliolas still exists, and drills the rocks between 
high and low water on the British c^ast. The most common shells 
of these strata, 8U(3h as Fusus Uriatm^ F, antiqum^ Turritella com- 
munis^ Cardium eduh^ and Cyprina islondica^ are now abundant in 
the British seaa; but with them are some extinct s]>ecies, such as 
Kiicula Cobholdipe (Jig. 145.), and Tellina ohliqua (fig. 146.). Natica 
hcHcoidfS (tig, 147.) is an examjde of a sjiecies formerly known only 


Fig. 14.'>. Fig. 146. ng. 147. 



}sucuUi Cobbotdi<e. Tellina obliqua. Sotica hcltcotdes. 

Johustou. 


as fossil, but which lias now been found living in our seas ; and 1 have 
recently seen, in the British Museum, a living shell from Vancouver’s 
Island, so closely allied to N. Cobboldiw, that it would be considered 
by many as merely a marked variety of the same ibrm. 

The Norwich Crag is seen resting on chalk in the sea cliff between 
Weybourne and Cromer, mid is found at many points to the westward 
in the interior. The only place where beds containing the peculiar 
shells of this formation have been found directly overlying the Red 
Crag is at Chlllesford, near Orfurd in Suffolk ; but we do not require 
the evidence of direct superposition to prove that the Norwich is a 
much newer deposit than the Red Crag, since the proportion of recent 
to extinct species is so much greater in the Norwich beds, amount- 
ing, according to the latest investigations, to 89 per cent., whereas 
in the Red Qrag it does not exceed 60 per cent. 

Among the accompanying remains of mammalia are those of a 
Mastodon, a portion of the upper jawbone with a tooth having been 
found by Mr. Wighara at Postwick, near Norwich. This species 
has also been found in the Red Crag, both at Sutton and at Felix- 
stow, and was till lately regarded as an Upper Miocene or Falunian 
species ; and under this persuasion, calling it 31, angusHdens, on the 
authority of Professor Owen, I suggested that its regiains might 
have been washed out of older strata into the Crag, just as wo some- 
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times observe London Clay mi Chalk fossils introdueed into the 
same deposit. Bat Dr. Falconer, who has devoted many years to the 
study of the fossil and recent Proboscideans, has shown that the 
fossil is a Pliocene 8i)ecie8, first observed in Auvergne by MM. Croiaet 
and Jobert, and named by them Mmtadon art?ernemis, Cuvier did 


Ffg. MS, 



Mastodon (Norwich Crag, PostwicK. alto found in Red Crag, gee p. 20i.); third milk 

inoUr, left lide, upper jaw ; grinding gurface, nat. ilte. Neeer Pliocene. 

not adopt this name, for he had seen but a few specimens from 
Auvergne, and he confounded them witli M. angusiidens* The entire 
skeleton of both these Mastodons having now been obtained, they are 
found to be referable to two distinct sub-genera. The Crag fossil 
belongs to the Tetralophodon of Falconer, a sub-genus of which five 
species are known, so called because there are four ridges in the 
penultimate true molar as well as in the two teeth which are placed 
immediately before it in both jaws. The M<ntodon angustidens, on 
the other hand, belongs, with six other species, to the section called 
Trilophodon^ in which the corresponding teeth have each three 
ridges ; and is, according to MM. Lartetand Falconer, characteristic, 
of the Faluns of Toirrainc,- as well as of Sansan at the foot of the 
Pyrenees, and several otljer Miocene localities. 

The Mastodon arvemensis^ says Dr. Falconer, is the only one yet 
found in England. It abounds with the Hippopotainus major in the 
Pliocene strata of the Val d’Arno, as well as in strata of the same 
age in Piedmont and at Montpellier. It may be considered, there- 
fore, as a characteristic Pliocene species in Italy, France,^and Europe 
generally. * 

This Mastodon has never been found in the Cromer Forest bed 
above mentioned, p. IGO., but several of the mamnmlia of that deposit, 
including the Elephas meridionalis, are common to the Norwich beds, 
and to the older or Red Crag. As to the Norwich Crag, it is now 
ascfortained that it contains a larger proportion of living as compared 
to extinct shells than was formerly supposed ; for many of the lost 
species once referred to this formation are worn specimens, few in 
number, and evidently washed out of the Red Crag into the newer 
strata* Others, which are really of contemporary date, and which 
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were believed to have died out, have been found living in the 
British seas, where they have become exceedingly rare. From the 
latest researches of Mr. S. P. Woodward, it seems probable that the 
extinct species do not exceed 11 in a hundred. 

Ckilhsford beds, — It was stated that at Chillesford, near Wood- 
bridge in Suffolk, the Norwich Crag has been found overlying the 
lied Crag. In this case the Newer Pliocene beds are argillaceous, 
and about 20 feet thick. Messrs, Prestwich and Searles Wood ob- 
tained from them 23 species of shells, of which 2 only, Nucula 
CohholduB and Tellina obliquay are extinct. Among the other, or 
living species, a large proportion, such as Leda lanceolata, Cardium 
(jrcerilandicumy Lficina borealiSy Cyprina islandicay Panopcta norve- 
yictty and Mya truncalay betray a Northern and some of them an Arctic 
character. There is good reason to believe that the Chillesford beds 
are older than the forest bed of Cromer, Ijefore alluded to ; and when 
wo consider that these fossils occur within eighty miles of London, in 
the 52iid j)arallel of latitude, we see in them a proof that the glacial 
epoch began Ijefore the end of the Post-pliocene period.* 

Bridlington beds, — At Bridlington, on the coast of Yorkshire, 
near Flainborough Head, lat. 54° N., another deposit occurs of about 
the same age as the Chillesford beds, and therefore older than the 
Cromer Forest, though somewhat newer than the Norwich Crag be- 
fore described, for it contains a still larger proi)ortion of recent shells. 
The deposit is heterogeneous in com}) 08 itioii, consisting of sand and 
clay, with pebbles of various rocks, chalk and flint being the most 
abundant. The prevailing colour resembles that of London Clay. 
Mr. S. P. Woodward has lately been able to add 32 new species to 
the fossils of this formation by studying the collections of Messrs. 
Bean and Leckeuloy at Scarborough, bringing up the total number to 
64, of which 4 only are extinct f, namely, Natica oedusoy Cardita 
analisy Nucula CobboldicCy and Tellina obliquay giving a proportion 
of only 6 |)er cent, of extinct species instead of 11, as in the Norwich 
beds on the Ynre. Of the whole 64 shells, 36 are common to the 
Norwich Crag })roper, and 12 are peculiar to Bridlington, or were not 
previously known in any pliocene or glacial deposits in Great Britain. 
What is most remarkable is the fact, that of the 60 species which 
remain after abstracting the extinct forms, no less than 30 are in- 
habitants of the Arctic regions, none of them extending southwards 
to the British seas. This is the more singular when we consider that 
Bridlington is situated iu lat. 54° N. It will be seen in the next 
chapter that the cold came on gradually, beginning when the White 
Crag was formed, and increasing in the period of the Red Crag, and 
still more in that of the Norwich formation, during which there may 
have been several oscillations of temperature. The refrigeration 
seems to have reached its maximum, and to have been developed 
most extensively in Europe in Post-pliocene times. It may, no doubt, 

• Antiquity of Man, by the Author, f Geol. Mag., Aug. 1864. 

p. 212. 
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be said that the shells of Moel Tryfaen above mentioned* found at a 
height of nearly 1400 feet above the sea, and in lat. N,, or neai'ly 
the same as that of Bridlington, do not imply so great a cold as the 
latter, as they only contain 1 1 shells in 54 of exclusively Arctic cha- 
racter, or only one-fifth of the whole number of sj^ecies, instead of 
nearly half, as in the case of Bridlington. But the fauna of Moel 
Tryfaen does not illustrate the extreme cold of the glacial |)eru)d 
like the beds of Errol and Elie, on the borders of the Tay aiid Forth. 
(See p. 153.) 


OLDER PLIOCENE STRATA. 

Red Crag of Suffolk , — The Crag of Suffolk, as already mentioned, 
is divisible into the Upper or Red, and the Lower or White Crag.* 

These deposits, according to the late E. Forbes, api)ear by (heir 
embedded shells to have been formed in a sea of moderate depth, 
usually from 15 to 25 fathoms, but in some few spots i)erhaps deeper. 
Yet they cannot be called littoral, because the lauiia is such as may 
have extended 40 or 50 miles from land. The Up[)er or Red Crag 
consists chiefly of quartzose sand, with an occasional intermixture of 
shells, for the most part rolled, and sometimes comminuted. It is 
distinguished by the deep ferruginous or ochreous colour, l>oth of its 
sands and sheila, while the Older Crag, commonly called the Coralline, 
is wdiite. Both formations are of moderate thickness ; the Red Crag 
rarely exceeding 40, and the Coralline seldom amounting to 20 feet. 
But their imjK)rtance is not to be estimated by the density of the 
mass of strata or its geographical extent, but by the extraordinary 
richness of its organic remains, belonging to a very peculiar type, 
which seems to characterize the state of the living ci'eation in the 
north of Europe during the Older Pliocene era. 

The relative position of the lied Crag in Essex and the subjacent 
London clay and chalk has been already |>ointed out (fig. 144.). 
Whenever the two divisions are met with in the same district, tin* 
Red Crag lies uppermost ; and, in some cases, as in the section repre- 
sented in fig. 149., which I had an opportunity of seeing exposed to 


Fig. 149. 

Shottliham 

Sutton. Creek. Ramiholt. 



Section near Ipswich, in Suffolk, 
o. Red Crag. b. Coralline Crag. c. London Clay. 


view in 1839, it is clear that the older or Coralline mass b had suffered 
denudation, before the newer formation a was thrown down upon it. 
At D there is not only a distinct cliff, 8 or 10 feet high, of Coralliiie 
Crag, running in a direction N.E. and S.W., against which the Red 

• Sec paper by E. Charleswortb, Esq.; London and EtL Fhil. Mag., No. XXXviiL 
p. 81., Aug. 1835. 
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Crag abuts with its horisontal layers ; but this cliff occasionally 
overhangs. The rock composing it ia drilled everywhere by PAo- 
ladeif the holes which they perforated having been afterwards filled 
with sand and covered over when the newer beds were thrown down* 
As the older formation is shown by its fossils to have accumulated 
in a deeper sea (15, and sometimes 25, fathoms deep or more), there 
mpst no doubt have been an upheaval of the sea-bottom before the 
cliff her© altfidod to was shaped gut* We may also conclude that so 
great an amount of denudation could scarcely take place, in such in- 
coherent materials, without many of the fossils of the inferior beds 
]>ecoming mixed up with the overlying crag, so that considerable 
difficulty must be occasionally experienced by the fmlaeontologists in 
deciding which B})ecie8 belong severally to each group. 

The Red Crag being formed in a shallower sea, often resembles in 
structure n shifting sandbank, its layers being iiicliued diagonally, 
and the planes of stratification being sometimes directed in the same 
quarry to the four cardinal points of the compass, as at Butley. That 
in this and many other localities, such a structure is not deceptive 
or due to any subsequent concretionary rearrangement of particles, 
or to mere lines of colour, is proved by each bed being made up of 
flat pieces of shell which lie parallel to the planes of the smaller 
strata. 

Some fossils which are very abundant in the Red Crag, have never 
been found in the white or coralline division ; as, for example, the 
Fusus contrarius (fig. 150.), and several species of Mur ex and 
Buccinum (or Nassd) (see figs. 151, 152.), which two genera seem 
wanting In the Lower Crag. 


Fig. 160. Foitili characteristic of the Red Crag. 



Fusmt ctmirwrhu, Fitrfmra Mragona, Cypt^a eurofuea. 

Fig. 150. half nat. site; the others nat. siie. 


Many of these shells are found in a good state of preservation in 
the cliffs of Walton-on-Naze, in Essex ; at Felixstow the cliffs afford 
fewer shells, and most of them are fragmentary. 

Among the bones and teeth of fishes are those of large sharks 
( Carcharodon)y and a gigantic skate of the extinct genus 
and many other forms, some common to our seas, and many foreign 
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to them« It iB ques^pnable, howeTer, whether all these ean really 
be ascribed to the era of the Red Crag. Not a few of them may 
possibly have been derived from older strata, especially from those 
Lower Miocene formations to be described in the next chapter, which 
are largely developed in Belgium, and of which a fragment only 
(the Hempstead beds of Forbes) escai^ed denudation in England. 

Many of the fossils found in the Red Crag have been washed out 
of older Tertiary strata, esfiecially out of the London Clay. This is 
particularly the case in one of the lower beds, which has of late been 
much used in agriculture for manure, as containing nodules of 
phosphate of lime. These nodules often include crabs and fishes 
like those of the Loudon Clay, and thus clearly betray the date 
of their origin. With the nodules (in which there is nearly 60 ix*r 
cent, of phosphate of lime), occur rolled flint jwjbbles, and others of 
sandstone, containing casts of crag-shells and many ear-bones of 
whales. Some teeth of the Mastodon arvernensis^ and of a rhi- 
noceros and tapir, have also been found in the same bed, which has 
been worked near Felixstow among other places. As to the ear-bones 
of cetacea, Professor Henslow found those of two or three distinct 
syiecies in this detrital bed at Felixstow. They belong, according 
to Professor Owen, to true whales of the family Balcenidm (fig. 154.). 
Mr. Wood is of opinion that they are of the age of the Red Crag, 
or if not that they may be derived 
from the destruction of beds of Coralline 
Crag. 

White or Coralline Crag , — The lower 
or Coralline Crag is of very limited ex- 
tent, ranging over an area about 20 miles 
in length, and 3 or 4 in breadth, between 
the rivers Aide and Stour. It is gene- 
rally calcareous and marly — a mass 

of shells, bryozoa*, and small corals, passing occasionally into a soft 
building stone. At Sudbourn, near Orford, where it assumes this 
character, are large quarries, in which the bottom of it has not been 
reached at the depth of oO feet. At some places in the neighbour- 
hood, the softer mass is divided by thin flags of hard limestone, and 
bryozoa placed in the upright position in which they grew. 

From the abundance of these bryozoa or coralloid mollusca the 
lowest or White Crag obtained its popular name, but true corals, as 
now defined, or zoantharia, are very rarq in this formation. 

The distinctness of the fossils of the Coralline from those of the 
Red Crag, arises in part from their higher antiquity, and, in some 

* Ehrenberg proposed in 1831 the The term Pdyzounh synonymous with 

term Bryozomm^ or “ Moss-animal,** for Bryozoum, was, it seems, prmios^ in 
the molluscous or ascidian form of polyp, 1830, or the year befewe, by Mr. J. V . 
characterized by haviog two m>ening8 'Hiompson, but is Jess generally adopted, 
to the digestive sack, as iu Escharo^ The animals of the Zoamikaria of Milne 
Flustrat Reteporti^ and other zoophytes Edwards and Hairae, or the true eofals, 
popularly included in the corals, but hare only one opening to the stomaeb. 
now clas^ by natoralisu as moUntca. 
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degree, from a difference in the geographical conditions of the 
sabmarine bottom. The prolific growth of echini, bryozoa, and a 
prodigious variety of testacea, implies a region of deeper and more 
tranquil water ; whereas, the Red Crag may have been formed after- 
wards on the same spot, when the water was shallower. In the 
mean time the climate became decidedly somewhat cooler, and some 
of the zoophytes which flourished in the first period disappeared, so 
that the fauna of the Red Crag acquired a character more nearly re- 
sembling that of our northern seas, as is implied by the large de- 
velopment of certain sections of the genera Fusus, Buccinum, Par* 
pura, and Trochus, proper to higher latitudes, and which are wanting 
or feebly represented in the inferior crag. 

Some of the corals and bryozoa of the lower crag of Suffolk belong 
to genera unknown in the living creation, and of a very peculiar struc- 
ture ; as, for example, that represented in the annexed figure (155.), 


Fig. 156. 



Fascicularia aurantium, Milne Edwards. Famiijr, Tubuiiporidit^ of same author. 
Dryoioan of extinct genus, from the inferior or Coralline Crag, Suflbik. 


< 1 . exterior. A, vertical section of interior. c. portion of exterior magnified. 

d» portion of interior magnified, showing that it is made up of long, thin, straight tubes, united 
in conical bundles. 


which is one of several species having a globular form. The great 
number and variety of these zoophytes probably indicate an equable 
climate, free from intense cold in winter. On the other hand, that 
tlie heat was never excessive is confirmed by the prevalence of 
northern forms among the testacea, such as the Gtycimem, Cyprina^ 
and Astarte, Of the genus last mentioned (see fig. 156.) there are 
about fourteen species, many of them being rich in individuals ; and 


Fig. 156. 



Jttarie (Cr««ft*iM, Lud.); ipbciet common to Upper and Lower Crag. 

Asiarti Otnalii, LiOonJmlre j Svn. A, Min. Con. T, a 5 • very variable species, 

most cnaracteritUc of the Coralline Crag, Suffollu 
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there is an absence of genera peculiar to hot climates^ such as Conais, 
O/tm, Mitra^ Fasciolaria^ Crauaiella^ and others. The cowries 
( CypriBa^ fig. 153.), also, are small, and belong to a section ( Trtria) 
now inhabiting the colder regions. A large volute, called Viiluta 
Lamberti (fig. 157.), may seem an exception ; but it differs in form 
from the volutes of the torrid zone, and may, like the living Volnta 
MageUanica^ have been fitted for an extra-tropical climate. 


Fig, 1S7. 


FIf . I5d, 


Fig. IW. 



Valuta Lambertu young 
individ., Cor. and Rtnl 
Crag. 


Pyrula reticulata^\Am.\ 
('oraliine .Crag, Kain- 
iholt. 


Temnechinut etcnmtut, 
Forb«»« ; Tt^nopU'urus 
rrcavaitu. Wood ; Cor. 
Crag, lUtnshuU., 


The occurrence of a species of Lingula at Sutton (see fig. 160.) 
is worthy of remark, as these Brachiopoda seem now confined to 
more equatorial latitudes; and the same may be said still more 
decidedly of a 8i)ecie8 of Pyrula^ 8up|X)8ed by Mr. Wood to be iden- 
tical with P. reticulata (fig. 158.), now living in the Indian Ocean. 
A genus also of echinoderms, called by Professor Forlxjs Temnechinns 
(fig. 159.), is peculiar to the lied and Coralline Crag of Suffolk. The 
only species now living occur in the Indian Ocean. 

One of the most interesting conclusions deduced from a careful 
comparison of the shells of these British Older Pliocene strata and 
the fauna of our present seas, has been pointed out by Professor K. 
Forbes. It appears that, during the glacial period, a period inter- 
mediate, as we have seen, between that of the crag and our own time, 
many shells, previously established in the temperate zone, retreated 
southwards to avoid an uncongenial climate. The Professor has 
given a list of fifty shells which inhabited the British seas while the 
Coralline and Red Crag were forming, and which, though now living 
in our seas, are all wanting in the glacial deposits. They must there- 
fore, after their migration to the south, Vhich took place during the 
glacial period, have made their way northwards again. In corro- 
boraiion of these views, it is stated, that all these fifty 8[)ecies occur 
fossil in the Newer Pliocene strata of Sicily, Southern Italy, and the 
Grecian Archipelago, where they may have enjoyed, during the era 
of floating icebergs, a climate resembling that now prevailing in 
higher European latitudes.* 

The following tables have been drawn up for me by Mr. Samuel 

* E. Forbes, Mem. GeoL Sorvey Gt, Brit., voL I ; 
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P. Woodward, showing the results of a comparison of the lists of 
Crag shells described by Mr, Searles Wood in his excellent mono- 
graph on the fossil testacea of the British Pliocene formations. The 
list of the Norwich Crag shells has been corrected and enlarged by 
Mr. Woodward himself, They exhibit clear evidence of a gradual 
refrigeration of climate, which went on in the area of England from 
the time of the older to that of the most modern Pliocene strata, a 
refrigeration which had already been inferred from an examination 
of the Crag shells in 1846 by the late Edward Forbes.® 

Number of known Species of Marine Testacea in the three English 
Pliocene Deposits^ called the Norwich, the Red, and the Coralline 
Crags,^ 


Brachiopoda - 
Conchifera - 
Gasteropoila - 


6 

- 210 

- 220 


Total 

- 436 


Distribution of the above Marine Testacea, 

Korwich Crag - - 110 — of which 34 are peculiar. 

Ked Crag - - 2)0 — ,» 43 „ 

Coralline Crag - - 317 — „ 198 „ 

Species common to the 

Norwich and Ked Crag, and not in Coralline - - 42 

Norwich and Coralline, and not in Red - - 3 

lied and Coralline, and not in Norwich . - - 103 

Norwich, lied, and Coralline - - - • 31^ 

Proportion of Recent to Extinct Species, 

Recent. Esttinct. Fer-oentage of Recent. 

Norwich Crag - - 98 12* 89 

Red Crag - - - 132 87 60 

Coralline Crag - - 165 152 52 

Recent Species not living now in British Seas, 

Northern k Southern. 

Norwich Crag - - - - 15 0 

Rod Crag - - - - 11 19 

Coralline Crag . - - - t 28 

In the above list the shells of the Glacial beds, those, for example, 
of the Clyde, Errol, and Elie, and Moel Tryfaen (pp. 153. and 159.), 
and other British deposits newer than the Norwich Crag, have not 
been included. The land and freshwater shells have also been pur- 
posely omitted, as well as some London Clay shells, a»d others sus- 
pected to be spuriottSw 

* Mem. of GeoL Survey, London, J These 31 species must be added ta 
1846, p. 391. thenumber8 42, 3, and 103, respectively, 

t The 25 shells peculiar to Bridling- in order to obtain the ftill amount of 
ton (p. 198.) are not included in the common species in each of those cases. 
Norwich Crag shells of these tables. 
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By far the greater number of the recent marine species included 
in these tables are still inhabitants of the British seas ; but eren 
these differ considerably in their relative abundance^ some of the 
commonest of the Crag shells being now extremely scarce ; as, for 
example, Buccinum Dalei^ and others, rarely met with in a fossil 
state, being now very common, as Murex erimiceus and Cardium 
echinatum. 

The last table throws light on a marked alteration in the climate 
of the three successive periods. It will be seen that in the Coralliiic 
Crag tliere are 28 Southern shells, including 26 Mediterranean and 
1 West Indian species {Erato Maugeiri€£\ Of these only 13 occur 
in the Red Crag, associated with 3 new Southern species, wliile the 
whole of them disappear from the Norwich l)ed8. On the other 
hand, the Coralline Crag contains only 2 shells closely related to 
living Northern forms, namely, Admete and Limopsis ; whereas, in 
the Red Crag, as stated in the table, there are 1 1 Northern spe- 
cies all common to the Norwich Crag, in whicli last we have also 
4 additional inhabitants of the Arctic regions ; so that there is 
good evidence of a continual refrigeration of climate during the 
Pliocene period in Britain. The presence of tliese Northern sliells 
cannot be explained away by supposing that they were* inliabitants 
of the deep parts of the sea ; for some of them, such as Tellma 
calcarea (=7’. ohliqua) and Astarte borealis, occur [den ti fully, and 
sometimes with the valves united by their ligament, in company with 
other littoral shells, such as Mya arenaria and Littorina rudis^ and 
evidently not thrown up from deep water. Yet the Northern 
character of the Norwich Crag is not fully shown by simply saying 
that it contains 12 Northern species. It is the predominance of 
certain genera and species, such as Rhynchonella psittacea^ TvUina 
calcarea^ Astarte borealis^ Scalaria gr(X7da7idica^ and Fums cari- 
7iatus, which satisfies the mind of a conchologist as to the Arctic 
character of the Norwich Crag. In like manner, it is the presence 
of such genera as Pyrtila^ ColuTnbella, Terebra^ Cassidaria, P/wla- 
domya, Lvigiila, Discina, and others, which give a southern aspect 
to the Coralline Crag shells. 

The cold, which had gone on increasing from the time of the 
Coralline to that of the Norwich Crag, continued, though not perhaps 
without some oscillations of temperature, to become more and more 
severe after the accumulation of the latter, until it reached its 
maximum in what has been called the glacial epoch. The marine 
fauna of this last period contains, both in Ireland and Scotland, 
recent species of mollusca now living in Greenland and other seas 
far north of the areas where we find their remains in a fossil state. 

Antwerp Crag, — Strata of the same age as the Red and Coralline 
Crag of Suffolk have been long known in the country round Antwerp 
and on the banks of the Scheldt, below that city. More than 
200 species of testacea had been collected by MM. De Wael, Nyst, 
and others, when I visited Antwerp in 18ol, of which two-thirds 
were identified with Suffolk fossils by Mr. Wood. Among these ho 
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recognized Lingula Dumortieri of Njst (6g. 160.), which I found 
in abundance in what was called by M. de Wael the Middle Crag. 

ISO. More than half of the shells of this Antweip 

deposit agree with living species, and these 
belong in great port to the fauna of our 
Northern seas, though soine Mediterranean 
8[)ecies appear among them. I also met with 
numerous cetacean bones of the genera BoIcb- 
nopttra and Ziphius in the Upper Antwerp 
3 Anyuta Dnworhrru Ny*t. Crag. They are not rolled, as if washed out 

.Suffolk cr.g. j ftnimalB to 

which they belonged once coexisted in the same sea with the asso- 
ciated fossil mollusca.* 


Three divisions of the Antw€Tp Crag have l)cen recognized by 
the Belgian geologists : first, the Uppermost or Yellow Crag, in which 
81 species of shells were known when I gave a list of them in 1852; 
secondly, the Middle Crag, from which 94 species were known ; and 
thirdly, the Lowest or Black Crag, from which 65 sludls had been 
obtaiiKHl. This bed derives its name from the dark colour of most 
of the sand, wdiich consists of green grains of glauconite. 

There can be no doubt that the two first formations are referable 
to the Older Pliocene period, the Yellow Crag containing about 60 
per cent, of recent sjjecies, while the Middle or Grey Crag contains 
about 50 per cent. Their close connection with the Red and Coral- 
line Crag of Suffolk is equally clear, for in a list of 52 shells from 
the Upper or Yellow Crag, and of 94 from the Middle Crag, there 
are only 7 species which are not found in the British formations of 
(corresponding age. As we might have expected, the Upper Antwerp 
Crag agrees more with the Red Crag of England, while the shells 
of the Middle Antw(‘rp Crag correspond more with the Older or 
Coralline group of Suffolk. 

But when we come to the Lowest or Black Crag we are beginning 
to pass beyond the limits of the Older Pliocene formations, and ap- 
proaching the Miocene. Only two-thirds of the shells agree with 
those of the Coralline Crag, and somewhat less than half of the fossil 
S]»ecie8 are identifiable with species still living. They seem to form 
the first links of a chain of passage by which we shall in time be 
conducted without a break to those older formations, the Upper 
Miocene of Belgium, to be treated of in the next chapter. 

Normandy . — I observed in 1840 a small patch of shells correspond- 
ing to those of the Suffolk Crag, near Valognes, in Normandy ; and 
there is a deposit containing similar fossils at St. George Bohon, and 
several places a few leagues to the south of Careiitan, in Normandy ; 
hut they have never been traced farther southwards. 


OLDEB PLIOCENE FOKMATIONS IN ITALY. 

Slfhapennine strata . — The Apennines, it is well known, are com- 
posed chiefly of secondary rocks, forming a chain which branches off 

♦ Lyell on Belgian Tertiaries, Quart. Journ. Geol. Socj., 1852, p. 282. 
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from the Ligurian Alps and passes down the middle of the Italian 
peninsula. At the foot of these mountains, on the side both of the 
Adriatic and the Mediterranean, are found a series of tertiary strata, 
which form, for the most part, a line of low hills occupying the space 
between the older chain and the sea. Brocchi, as we have seen 
(p. 182.), was the first Italian geologist who described this newt r 
group in detail, giving it the name of the Subapenuine ; and he 
classed all the tertiary strata of Italy, from Piedmont to Calabria, as 
parts of the same system. Certain mineral characters, he observed, 
were common to the whole ; for the strata consist generally of light 
brown or blue marl, covered by yellow calcareous sand and graved. 
There are also, be added, some species of fossil shells which arc found 
in these deposits throughout the whole of Italy. 

We have now, however, satisfactory evidence that the Snbapennine 
beds of Brocchi, although chiefly composed of Older Pliocene strata, 
belong nevertheless, in part, both to older and newer members of the 
tertiary series. The strata, for example, of the Snperga, near Turin, 
are Miocene ; those of Asti and Parma Older Pliocene, as is the blue 
marl of Sienna; while the shells of the incumbent yellow sand of tlie 
same territory approach more nearly to the recent fauna of the Medi- 
terranean, and may be Newer Pliocene. 

We have seen that most of the fossil shells of the Older Pliocene 
strata of Suffolk which are of recent species are identical with 
lestacea now living in British seas, yet some of them belong to 
Mediterranean species, and a few even of the genera are tliose of 
warmer climates. We might therefore expect, in studying the fos- 
sils of corresponding age in countries bordering the Mediterranean, 
to find among them some species and genera of warmer latitudes. 
Accordingly, in the marls belonging to this period at Asti, Parma, 
Sienna, and parts of the Tuscan and Roman territories, wc observe 
the genera Conus, Cyprcea, Strombus, Pyrula, Mitra, Fascia! aria, 
Sigaretns, Delphinula, Ancillaria, Oliva, Terebellmn, Terehra, Perna, 
Plicatula, and Corbis, some characteristic of tropical seas, others 
rep^jesented by species more numerous or of larger size than those 
now proper to the Mediterranean. 

The proportion borne by the recent to the extinct species varies 
in the same district, as Professor Ponzi pointed out to me, in 
in the neighbourhood of Rome, according to the place in the series 
occupied by different sets of superimposed marls and sands. 

The classification of these several members of the Pliocene i)eriod, 
and the separation of them from the Miocene, is a task tlic accom- 
plishment of which will tax the skill and industry of the Italian 
geologists for many years to come. 

1 have already alluded to the Newer Pliocene deposits of the 
Upper Val d'Arno above Florence, and stated that below those sands 
and conglomerates, containing the remains of the Elephas meruUonulU 
and other associated quadrupeds, lie an older horizontal and conform- 
able series of beds, which may be classed as Older Pliocene. They 
consist of blue clays with some subordinate layers of lignite, and 
exhibit a richer flora than the overlying Newer Pliocene beds, and 
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one receding farther from the exiftting vegetation of Eorope. They 
aUo eoinpriee more species coromon to the aniecodent Miocene period. 
Among the genera of flowering plants M. Gaudin enumerate* 
GlyptoitrabuM, Taxodium, Sequoia^ Quercus, IVunuM, Pfatanm^ 
Alnu$y UlmuMy FictHy Lanrusy PerBea^ Ortodaphne (f\p 161.), Cinna- 
momumy Cassiay Acer, Juglan$y JBetuIuy RhamnuSy Caryay Rha$y 
SmilaXy Smiafrm, Ptoraleuy and some others. 

This assiiinblage of plants indicates a warm climate, but not so 
subtropical a one as that of the Upper Miocene period, which will 
presently be considered. 

M Gaudin, jointly with the Marquis Stroszi, has thrown much 
light on the botany of beds of the same age in another |>art of Tuscany 
tit n place called Montajone, between the rivers Kha and Evola, 
wlu‘re, among other plants, is found the Oreodaphne Heeriiy Gaud. 
(hlc fig. 161.), which is probably only a variety of Oreodaphne fietemy 


Fig. 161. 



Fig. 162. 



Liquidambar ruropofftm var. trfiolMtum, A. Br. ; (sometimes 
4 lubed and in«*rt* commonly 5 lobed). 

a. L»*Hf, half nat sise. c. Fruit, nat. size, * 

b. Part of same, nat. sice. d. Seed, do. CKiiiogen. 


or the laurel called the Til in Madeira, where, as in the Canaries, it 
constitutes a large portion of the native woods, but cannot now 
endure the climate of Europe. In the fossil specimens the same 
glands or protuberances as those which are observed in the axils of 
the primary veins of the leaves in the recent Til are preserved.f 

Another plant also indicating a warmer climate is the Liquidambar 
europcBumy Brong. (see lig. 162.), a species nearly allied to L. styra* 
cifiuumy L., which flourishes in most places in the Southern States of 
North America, on the borders of the Gulf of Mexico. 

As the leaves come nearer to this American form, while the fruit, 
according to Heer, is smaller and nearer to the Syrian Liquidambar 

* Teuilles fossiles de la Toacane. Contributions ilia Flore fossile Iialienne. 
Gaudiu and Strozzi. Flote 11. fig. 3. t Gaudin, p. 22. 
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the fo««il 111117, according to the doetrine of trmnsniutAtion. 
have been the original etock from which both have diverg«*d. Tho 
Javanese Liquidainbar is very distinct; the fossil, according m 
I ltHT, ranges from the Older Pliocene to the Newer Mitwene, but the 
genus has now disappeared from Eurojw. 

The Tuscan blue marls of various ties, from which the alK>ve- 
Kientioned flora was obtained, have yielded 36 8j>ocie* of marine 
inollusea, iu which 16 , according to M, Karl Mayer, are rmmt. 

Anth^CaSfiian fortnatiam. — This name has binm givt‘n by Sir R. 
Murchison niid M. de Verueuil to tlie limestone and associated sandy 
IkhIs of brackish- water origin, which liave been trnce<l over a very 
extensive area, surrounding the Caspian, A*of, and Arid 8i*as, and 
parts of the northern and western coasts of the Black S<.*a. The 
fo^sil shells are partly freshwater, as Patudina^ Nrritina^ ike., uml 
[)artly marine, of the family Cnrdinciw and Mytili. The s}K»<‘ies an* 
identical, in great part, with those now inhabiting the C'ospian ; and 
when not living, they are analogous to forms now found iu the inland 
sens of Asia, rath(‘r tlnui to <H*eanic ty]K‘s. 'I'he linn^stone rises occu- 
sionnlly to the height of several hundn*d feet al>ove the sea and is 
supposed to indicate the former exist<*iice of a vast inland sheet of 
braekish water as large as the Mediterram*au, or larger. 

The proportion of recent speci(‘s agreeing with the fauna of the 
Caspian is so considerable, as to leave no doubt in the minds of the 
ge<dogists above cited that this rock, also called by them the “ Steppe 
Liine>tone,” belongs to the Pliocene period.* 


Gcol of Russia, p. 270. 
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CHAPTER XIV. 

MIOCENE PERIOD. 

Upper Miocene strata of France — Faluns of Touraine — Depth of sea and littoral 
character of fauna — Tropical climate implied by the testacea — Proportion of 
recent species of shells — Faluns more ancient than the Suffolk Crag — Varieties 
of Voluta Lamberti peculiar to Faluns and to Suffolk Crag — The same 
Species are common to more than one geological Period — Lower Miocene strata 
of France — Remarks on classidcation, and where to draw the line of separation 
between Miocene and Eocene strata — Relations of the Gres dc Fontainebleau to 
the Faluns and to the Calcaire Grossier — Lower Miocene strata of Central 
France— Lacustrine strata of Auvergne — Indusial limestone — Fossil mammalia 
of the Limagne d’Auvergne — Freshwater strata of the Cantal — Its resemblance 
in some places to white chalk with flints — Proofs of gradual deposition — Miocene 
strata of Bordeaux and South of France — Upper Miocene strata of Gers — 
Dryopithecus — Belgian and British Miocene formations — Edegham beds near 
Antwerp — Diest sands of Belgium and contemporaneous iron-sands of North 
Downs — Upper Miocene beds of Belgium — Bolderberg — Lower Miocene 
strata of Kleyn Spawen — Hempstead beds, Isle of Wight — Bovey Tracey Lig- 
nites in Devonshire — Isle of Mull Leaf-beds— Miocene formations of Germany 
— Mayence basin — Upper Miocene beds of Vienna basin — Lower Miocene of 
Croatia — Fossil Lepidoptera — Oligocene strata of Professor Beyrich — Miocene 
strata of Italy. 

MIOCENE STRATA OF FRANCE. — UPPER MIOCENE FALUNS OF 
TOURAINE. — MIOCENE FORMATIONS. 

The strata which we meet with next in the descending order are 
those called by many geologists “ Middle Tertiary,” for which in 1833 
I proposed the name of Miocene, selecting the “ faluns ” of the valley 
of the Loire in France as my example or type. 

I shall now call these falunian deposits Upper Miocene, to distin- 
guish them from others to which the name of Lower Miocene will be 
given. The latter were classed by me in former editions of this work 
as Upper Eocene, and the reasons which have induced me to alter 
this classification will be fully explained to the reader in this and 
the following chapter. The term “ faluns ” is given provincially by 
French agriculturists to shelly sand and marl spread over the land in 
Touraine, just as the “ crag ” was formerly much used to fertilize the 
soil in Suffolk. Isolated masses of such faluns occur from near the 
mouth of the Loire, in the neighbourhood of Nantes, to as far inland 
as a district south of Tours. They are also found at Pontlevoy, on the 
Cher, about 70 miles above the junction of that river with the Loire, 
and 30 miles S.E, of Tours. Deposits of the same age also appear 
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tinder new mineral conditions near the towns of Dinan and Rennes, 
in Brittany. I have visited all the localities above enumerated, and 
found the beds on the Loire to consist principally of sand and marl, 
in which are shells and corals, some entire, some rolled, and others in 
minute fragments. In certain districts, as at Doue, in the Depiu'tnient 
of Maine and Loire, ten miles S.W. of Sauraur, they form a soft 
building-stone, chiedy composed of an aggregate of broken shells, 
bryozoa, corals, and echinodenns, united by a calcareous cement ; 
the whole mass being very like the Coralline Crag near Aldborough 
and Sudbourn in Sulfolk. The scattered patches of faluns are of 
slight thickness, rarely exceeding fifty feet; and between the district 
called Sologne and the sea they repose on a great variety of older 
rocks ; being seen to rest successively upon gneiss, clayslate, various 
secondary formations, including the chalk ; and, lastly, upon tlie 
upper freshwater limestone of the Parisian tertiary series, which, m 
before mentioned (p. 182.), stretches continuously from the basin of 
the Seine to that of the Loire. 

At some points, as at Louans, south of Tours, the shells are stained 
of a ferruginous colour, not unlike that of the Red Crag of Suffolk. 
The species are, for the most part, marine, but a few of them belong 
to land and fluviatile genera. Among the former, Helix turonensis 


(fig. 45. p. 30.) is the most abundant. Re- 
mains of terrestrial quadrupeds are here 
and there intermixed, belonging to the ge- 
nera Dinotherium (fig. 162 a.), Mastodon, 
Rhinoceros, Hippopotamus, Cha3ropota- 
mus, Dichobune, Deer, and others, and 
these are accompanied by cetacea, such 
as the Lamantine, Morse, Sea-calf, and 
Dolphin, all of extinct species. 

Professor E. Forbes, after studying the 
fossil testacea which I obtained from these 
beds, told me that he had no doubt that 
they were formed partly on the shore 


Fig. ] 



Dinotherium giganteum, Kaup. 


itself at the level of low water, and partly at very moderate depths, 
not exceeding ten fathoms below that level. The molluscous fauna 
of the “ faluns ” is on the whole much more littoral than that of the 


Red and Coralline Crag of SuflPolk, and implies a shallower sea. It 


is, moreover, contrasted with the Suffolk Crag by the indications it 
affords of an extra-European climate. Thus it contains seven species 


of Cypraa^ some larger than any existing cowry of the Mediterrain an, 
several species of Oliva^ Ancillaria^ MitrUy Terehray Pyrulay Fas- 


ciolariay and Conus, Of tbe cones ih.ere are no less than eight 
species, some very large, whereas the only European cone is of di- 
minutive size. The genus Neritay and many others, are also repre- 
sented by individuals of a type now characteristic of equatorial seas, 
and wholly unlike any Mediterranean forms. These proofs of a more 
elevated temperature seem to imply the higher antiquity of the faluns 
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as compared 'vrith the Suffolk Crag, aud are in perfect accordance 
with the fact of the smaller proportion of teetacea of recent species 
found in the faluns. 

Out of 290 species of shells, collected by myself in 1840 at 
Pontlevoy, Louans, Boss^e, and other villages twenty miles south of 
Tours, and at Sarigne, about fifteen miles north-west of that place, 
seven ty-t wo only could be identified with recent species, which is in 
the proportion of twenty-five per cent. A krge number of the 290 
species are common to all the localities, those peculiar to each not 
being more numerous than we might expect to find in different bays 
of the same sea. 

The total number of testaceous mollusca from the faluns, in my 
])Osse8sion, is 302, of which forty -five only were found by Mr. Wood 
to be common to the Suffolk Crag. The number of corals, including 
hiyozoa and zoantharia, obtained by me at Doui, and other localities 
before adverted to, amounts to forty-three, as determined by Mr. 
Lonsdale, of which seven (one of them a zoantliarian) agree spe- 
cifically with those of the Suffolk Crag. Only one has, as yet, been 
identified with a living species. But it is difficult, notwithstanding 
the advances recently made by MM. Dana, Milne Edwards, Haime, 
and I^nsdale, to institute a satisfactory comparison between recent 
and fossil zoantharia and bryozoa. Some of the genera occurring 
fossil in Touraine, as tlie Astrea^ Dendrophyllia^ Lunulites^ have not 
l>een found in European seas nortli of the Mediterranean ; neverthe- 
less the zoantharia of the faluns do not seem to indicate on the whole 
so warm a climate as would be inferred from the shells. 

it was stated that, on comparing about 300 species of Touraine 
shells with about 450 from die Suffolk Crag, forty-five only were 
found to be common to both, which is in the proportion of only 
fifteen per cent. The same small amount of agreement is found in 
the corals also. I formerly endeavoured to reconcile this marked dif- 
ference in species with the supposed co-existence of the two faunas, 
by imagining them to have severally belonged to distinct zoological 
provinces or two seas, the one opening to the north, and the other to 
the sou til, with a barrier of land between them, like the Isthmus of 
Suez, separating the Red Sea and the Mediterranean. But I now 
abandon that idea for several reasons ; among others, because I suc- 
ceeded in 1841 in tracing the Crag fauna southwards in Normandy 
to within seventy miles of the Faluiiian type, near Dinan, yet found 
that both assemblages of fossils retained their distinctive characters, 
showing no signs of any blending of species or transition of climate. 

On a xjomparison of 280 Mediterranean shells with 600 British 
species, made for me by an experienced conchologist in 1841, 160 
were found to be common to both collections, which is in the pro- 
portion of fifty-seven per cent., a fourfold greater specific resemblance 
than between the seas of the crag and the faluns, notwithstanding 
the greater geographical distance between England and the Medi- 
terranean than between Suffolk and the Loire. The principal 
grounds, however, for referring, tlie English Crag to the Older 
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Pliocene and the French faluns to the Upper Miocene epochg, consist 
in the predominance of fossil shells in the British strata identifiable 
with species, not only still living, but which are now inhabitants of 
neighbouring seas, while the accompanying extinct species are of 
genera such as characterize Europe. In the faluns, on the contrary, 
the recent species are in a decided minority ; and most of them are 
now inhabitants of the Mediterranean, the coast of Africa, and the 
Indian Ocean ; in a word, less northern in character and pointing 
to the prevalence of a warmer climate. They indicate a state of 
things receding farther from the present condition of Central Europe 
in physical geography and climate, and doubtless, therefore, reced- 
ing farther from our era in time. 

Among the conspicuous shells which are common to the faluns of 
the Loire and the Suffolk Crag is the Valuta Lamberti^ before men- 
tioned, page 203. All the specimens of this shell which I have my- 
self collected in Touraine or have seen in museums are thicker and 
heavier than British individuals of the same species, and shorter in 
proportion to their width, and have the folds on the columella less 
oblique, as represented in the annexed figures. 


Fig. 162 6. Fig.* 163. 



Valuta Lamberti, V. Lambtfti. 

Variety characteri»«ic of Fal^n» Variety characteristic of Suffolk Crag, 

or Touraine. Mfx>cene. Pliocene. 

Mr. Searles Wood has fully appreciated these constant differences, 
but has, I think, with propriety regarded the two forms as mere 
varieties, or races of one and the same species. It is remarkable, 
however, that the late Alcide d’Orbigny who so often founded 
species on very fine distinctions, should have coincided in this view. 
It may, I think, be fairly assumed that he would not have done so 
had he not imagined the Suffolk Crag to be identical in age with 

♦ A d’Orbigny, Cours Elementaire dePaleontologie, voL ii. pp 793. 797., 1852. 
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the faluns of the Loire, not being aware that it differed in so many 
important respects, especially in its approach to the living fauna of 
the neighbouring sea, from the French deposit. He was one of those 
naturalists who advocated the doctrine that there was a complete 
distinction between the fossil species of periods standing next to 
each other in chronological succession. Had he ranked the faluns 
as Miocene and the crag of Suffolk as Pliocene, he would not have 
assimilated two forms so easily distinguishable. This we are entitled 
to infer from his refusal to admit the specific agreement of any 
falunian and living shells, and, what is still more remarkable, his 
refusing to allow the existence of more than 44 recent species out 
of 437 in his newer or Subapennine group. He divided the whole 
tertiary series into five stages, each supposed to mark an era of 
repose on the earth’s surface, at the end of which all the living 
inhabitants were annihilated by a great catastrophe, the earth being 
afterwards repeopled with a new set of forms. Even when he was 
forced to admit that one or two in a hundred of the fossils passed 
from one formation to another, he w'as inclined to attribute that 
small amount of agreement to the washing of dead shells from older 
into newer strata. This doctrine of the absolute distinction of 
species in fonnations next in the order of succession would scarcely 
be worth referring to now that it is so generally rejected by the most 
experienced geologists, were it not for the great ingenuity with 
which some of its advocates have defended their views. When the 
shells are confessedly undistinguishable, it has sometimes been sug- 
gested, that if the soft parts of the animals had been preserved, they 
would probably have been found to differ. On the other hand, it is 
not uninstructive to note how easily palceontologists of unquestion- 
able merit can, if they are under the influence of a theory, such as 
that above alluded to, find specific distinctions wherever they are 
wanted, or, on the other hand, pronounce the same to have merely 
the value of a variety. 

The points of difference expressed in the two figs. 162 h, and 163. 
may be regarded by the same zoologist as mere races or geographical 
varieties so long as both are believed to belong to the same precise 
era, but they will take the rank of species if one be regarded as 
Miocene and the other as Pliocene. Specimens have occasionally 
been found of this volute in the Coralline Crag which help to connect 
the Touraine form with that of the Red Crag, but it often happens in 
analogous cases that no formation of intermediate age is extant, and 
then all intermediate gradations, ail evidence of there having been a 
passage from one form to the other, and of both having had a com- 
mon descent, may be lost. Zoologists, whether they adopt or reject 
the theory of the origin of species by natural selection, are still bound 
to be consistent with themselves in regard to the amount of devia- 
tion from certain types which shall be deemed sufficient to constitute 
a specific difference. It is suflficiently difficult to arrive at philo- 
sophical conclusions when the characters relied on are strictly those 
of the external forms and internal peculiarities of individuals ; but 
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when once our specific determinations are biassed by geological or 
geographical considerations, there is an end of all reasonable hope 
of coming to consistent results. 


LOWER MIOCENE STRATA OP FRANCE. ^ 

Remarks on classification^ and where to draw the line of separation 
between Miocene and Eocene strata. — The marine faluiis of the valley 
of the Loire have been already described as resting in some places 
on a freshwater tertiary limestone, fragments of whicli have been 
broken off and rolled on the shores and in the bed of the Miocene 
sea. Such pebbles are frequent at Pontlevoy on the Cher, witli 
hollows drilled in them in which the perforating marine shells of the 
Falunian period still remain. Such a mode of superposition implies 
an interval of time between the origin of the freshwater limestone 
and its submergence beneath the waters of the Upper Miocene sea. 
The limestone in question forms a part of the fonnation called the 
Calcaire do la Beauce, which constitutes a large tableland between 
the basins of the Loire and the Seine. It is associated with marls 
and other deposits, such as may have been formed in marshes and 
shallow lakes in the newest part of a great delta. Beds of flint, 
continuous or in nodules, accumulated in these lakes, and aquatic 
plants called Chares^ left their stems and seed-vessels embedded both 
in the marl and flint, together with freshwater and land shells. Some 
of the siliceous rocks of this formation are used extensively for mill- 
stones. The flat summits or platforms of the hills round Paris, and 
large areas in the forest of Fontainebleau, as well as the Plateau de 
la Beauce, already alluded to, are chiefly composed of these fresli- 
water strata. !Next to these in the de^cending order are marine 
sands and sandstone, commonly called the Gres de Fontainebleau, 
from which a considerable number of shells, very distinct from those 
of the faluns, have been obtained at Etampes, south of Paris, and at 
Montmartre and other hills in Paris itself, or in its suburbs. At 
the bottom of these sands a green clay occurs, containing a small 
oyster, Ostrea cyathula^ Lam., which, although of slight thickness, is 
spread over a wide area. This clay rests immediately on the Paris 
gypsum, or that series of beds of gypsum and gypseous marl from 
which Cuvier first obtained several species of Paleotherium and 
other extinct mammalia.* At this point the majority of French 
geologists have always drawn the line between the Middle and 
Lower Tertiary, or between the Miocene and Eocene formations, 
regarding the Fontainebleau sands and the Ostrea cyathula clay as 
the base of the Miocene, and the gypsum with its mammalia as the 
top of the Eocene group. From that method of classification I 
formerly dissented, agreeing with M. Deshayes that the fossils of 
the marine sands showed a much greater affinity to the subjacent 
Eocene formations than to the more modern faluns of Touraine. In 


^ See below. Chap. XVL 
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Jlifl eladsical work on the fossil shells of the environs of Paris (1824- 
37) he had described twenty-nine species from the Fontainebleau 
sands, of which some few could be identified with fossils belonging 
to the older Calcaire Grossier, whereas no one of them was common 
to the faluns of Touraine. He also insisted on the general aspect or 
facies of the fauna bearing a far greater resemblance to the testacea 
of the older or Eocene group than to that of the faluns. 

A few years alter the publication of my Principles of Geology ” 
(vol. iii.) in 1833, the directors of the Government Survey of France, 
MM. Dufr^noy and E. de Beaumont, referred the Paris gypsum in their 
geological map to the Eocene, and the overlying marine sands and 
C^alcaire de la Beauce to the Miocene, the faluns of Touraine being re- 
garded by them as constituting an upper division of the same Miocene 
series. M. d Archiac, in 1 839, adapted the same method ; and M. Alcide 
d’Orbigny, in his Paleontology in 1852, classed the Gres de Fontaine- 
bleau, or “ Sables Sup^rieurs,” as “ Falunien A,” and the faluns of 
the Loire as “ Falunien B,” thus giving in his adhesion to the same 
system of classification. That there should have been much differ- 
ence of opinion on this subject was very natural, for, at the time 
when I first took part in the controversy, there seemed very little 
prospect of bridging over the wide gap between the two formations 
which it was thus proposed to link together in one group. In 1857, 
by aid of a railway cutting at Etampes, the number of marine shells 
derived from the Fontainebleau sands was suddenly raised from 29 
to 90 species. The newly-discovered fossils furnished arguments 
both for and against the views of those who desired to refer the strata 
containing them to the Miocene rather than to the Eocene series. 
As bearing against those views, may be mentioned the fact that none 
of the 90 shells agreed with species proper to tlie faluns of the Loire, 
while some of them were identical with Calcaire Grossier species. 
This was the more worthy of note because Etampes is within seventy 
miles of Pontlevoy, near Blois, and not more than 100 miles from 
Savign6, near Tours, two localities where the falunian shells are 
very abundant. So striking a difference between the species of the 
valley of the Loire and those of the basin of the Seine, when we 
consider the contiguity of the spots above alluded to, could not be the 
result of geographical distribution at one and the same era, but must 
evidently have depended on a great difference in the age of the de- 
posits. It marked the influence of Time, and not of Space, 

On the other hand, in favour of grouping the Etampes or Fon- 
tainebleau sands with the newer Falunian rather than with the older 
Eocene formations, M. Hebert pointed out that a majority of the 90 
Etampes and Gr^ de Fontainebleau fossils agreed specifically with 
shells which, in Belgium, Mayence, and other localities, had been 
shown by the labours of MM. Dumont, Nyst, De Koninck, and 
Bosquet to occupy a very distinct geological position above the 
typical Eocene series of the Paris basin, and of which the equiva- 
lents at Mayence had long been recognized as Miocene. M. Hubert 
also published, in 1855, a map descriptive of the areas of two tertiary 
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seas, which succeeded each other in the Paris basi]!i,«^the first that 
of the Calcaire Grossier, and the second that of the Fontainebleau 
Sands, — showing how marked is the want of coincidence between 
them ; a fact which implies the occurrence of great geographical 
changes in the interval of time between the two eras compared. In 
the explanation of his map he gives his reasons for regarding tl^ 
zone of Cerithium plkatum, or that of the Fontainebleau Sands, as 
the most convenient line of demarcation between Lower and Middle 
Tertiary, or between Eocene and Miocene.* 

When I was hesitating as to the course which it would be most 
expedient to take in drawing the line between Eocene and Miocene, 
M. Lartet, the distinguished French zoologist, whose writings on 
fossil mammalia are of such acknowledged value, remarked to me 
that although the fossil testacea of the Fontainebleau Sands show a 
preponderance of affinities towards an Eocene fauna, and small con- 
}jection with the faluns of Touraine, yet, on the other hand, the 
freshwater “ Calcaire de la Beauce,” immediately overlying the 
Fontainebleau Sands, and other lacustrine formations in Auvergne 
and Central France, as well as the fossiliferous strata of the Mayence 
basin, cannot be included in the same Eocene system without doing 
violence to paleontological principles. The grouping of the fossil 
mammalia, he observed, becomes less natural by such an arrange- 
ment ; for not only many genera, but even some species, are found 
on both sides of the arbitrary line of demarcation thus drawn be- 
tween Eocene and Miocene. The genera Dorcatheriumy Caino* 
theriiim, Anckitheriumy and TitanomySy for example, and Rhinoceros 
incisivus and others, would thereby be made common to Eocene and 
Miocene. 

Other arguments drawn from fossil botany in favour of uniting 
the Gres de Fontainebleau and faluns in one group will be more 
fully set forth in the next chapter, when I treat of the tertiary strata 
called ‘^Molasse ” in Switzerland, and of the German Brown Coal. 

My unwillingness to include the Fontainebleau Sands and other 
strata of the same age in the Miocene Epoch arose partly from the 
necessity thereby incurred of abandoning for such deposits the defi- 
nition which I had already given of the term Miocene as imply- 
ing that a marked proportion, though a minority, of the fossil shells 
belong to living species. I had felt myself obliged, even in 1833, to 
disregard this difficulty, when, in the first edition of the “ Principles 
of Geology,” I classed the strata of the Mayence basin as Miocene, 
conceiving that, although almost every species of shell was extinct, 
they had more affinity with the Falunian than with the Eocene for- 
mations. From the first I had advocated the doctrine that tliere has 
been a continual coming in of new species, and dying out of old ones, 
and a gradual change in the physical geography and climate of the 
earth, and not such a recurrence of sudden revolutions in the ammate 
and inanimate worlds, as was, in 1833, insisted upon by many English 


Ballctin, 1856 , tom. xii. p. 760 . 
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geologists of note, and is still maintained by some eminent con- 
tinental writers. I therefore foretold that from time to time new 
sets of strata would come to light, and require to be intercalated 
between those already described, in which case the fossils of some 
of the newly-found beds would “deviate from the normal types first 
Selected, and approximate more and more to the types of the ante- 
cedent or subsequent epochs.” According to this view, it was 
obvious from the first that the oldest Miocene records, whenever 
they were detected, would not be easily distinguishable from the 
youngest members of* the Eocene series, especially in the proportion 
of the living to the extinct species of fossil shells. The importance, 
indeed, of the latter test must diminish rapidly the more we recede 
from the Pliocene and approach the Miocene, and still more the 
Eocene formations, although it is never without its value, and often 
furnishes the only common standard of comparison between strata of 
very distant countries. To this subject of classification, or the line 
of demarcation between the Eocene and Miocene strata, I shall again 
refer in this and the sixteenth chapter. 

Lower Miocene strata of Central France , — Lacustrine strata, be- 
longing, for the most part, to the same Miocene system as the Cal- 
caire do la Beauce, are again met with in Auvergne, Cantal, and 
Velay, the sites of which may be seen in the annexed map. They 
appear to be the monuments of ancient lakes, which, like some of 
those now existing in Switzerland, once occupied the depressions in 
a mountainous regipn, and have been each fed by one or more rivers 
and torrents. The country where they occur is almost entirely com- 
posed of granite and different varieties of granitic schist, with here 
and there a few patches of secondary strata, much dislocated, and 
which have probably suffered great denudation. There are also some 
vast piles of volcanic matter (see the map), the greater part of which 
is newer than the freshwater strata, and is sometimes seen to rest 
upon them, while a small part has evidently been of contemporaneous 
origin. Of these igneous rocks I shall treat more particularly in 
another part of this work. 

Before entering into any details, I may observe that the study 
of these regions possesses a peculiar interest, very distinct in kind, 
from that derivable from the investigation either of the Parisian or 
English tertiary areas. For we are presented in Auvergne with the 
evidence of a series of events of astonishing magnitude and grandeur, 
by which the original form and features of the country have been 
greatly changed, yet never so far obliterated but that they may still, 
in part at least, be restored in imagination. Great lakes have dis- 
appeared — lofty mountains have been formed, by the reiterated, 
emission of lava, preceded and followed by showers of sand and 
scoriae — deep valleys have been subsequently furrowed out through 
masses of lacustrine and volcanic origin — at a still later date, new 
cones have been thrown up in these valleys— new lakes have been 
formed by the damming up of rivers — and more than one creation of 
quadrupeds, birds, and plants, Eocene, Miocene, and Pliocene, have 
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its external condition and physical structure before these wonderful 
vicissitudes began, or while a part only of the whole had been com- 
pleted. There was first a period when the spacious lakes, of which 
we still may trace the boundaries, lay at the foot of mountains, of 
moderate elevation, unbroken by the bold peaks and precipices of 
Mont Dor, and unadorned by the picturesque outline of the Puy de 
Dome, or of the volcanic cones and craters now covering the granitic 
platform. During this earlier scene of repose deltas were slowly 
formed ; beds of marl and sand, several hundred feet thick, deposited ; 
siliceous and calcareous rocks precipitated from the waters of mineral 
springs ; sliells and insects embedded, together with the remains of 
the crocodile and tortoise ; the eggs and bones of water-birds, and 
the skeletons of quadrupeds, most of them of genera and species 
characteristic of the Miocene period. To this tranquil condition of 
the surface succeeded the era of volcanic eruptions, when the lakes 
were drained, and when the fertility of the mountainous district was 
probably enhanced by the igneous matter ejected from below, and 
poured down upon the more sterile granite. During these eruptions, 
which appear to have taken place towards the close of the Miocene 
epoch, and which continued during the Pliocene, various assem- 
blages of quadrupeds successively inhabited the district, amongst 
which are found the genera mastodon, rhinoceros, elephant, tapir, 
hippopotamus, together with the ox, various kinds of deer, the bear, 
hymn a, and many beasts of prey which ranged the forest, or pastured 
on the plain, and were occasionally overtaken by a fall of burning 
cinders, or buried in flows of mud, such as accompany volcanic 
eruptions. Lastly, these quadrupeds became extinct, and gave place 
in their turn to the species now existing. There are no signs, 
during the whole time required for this series of events, of the sea 
having intervened, nor of any denudation which may not have been 
accomplished by currents in the different lakes, or by rivers and floods 
accompanying repeated earthquakes, or subterranean movements, 
during which the levels of the district have in some places been 
materially modifled, and perhaps the whole upraised relatively to the 
surrounding parts of France. 

Auvergne , — The most northern of the freshwater groups is situ- 
ated in the valley-plain of the Allier, which lies within the depart- 
ment of the Puy de Dome, being the tract which went formerly 
by the name of the Limagne d’ Auvergne. It is enclosed by two 
parallel mountain ranges, — that of the Forez, which divides the 
waters of the Loire and Allier on the east; and that of the Monts 
Domes, which separates the Allier from the Sioule, on the west.* 
The average breadth of this tract is about twenty miles ; and it is for 
the most part composed of nearly horizontal strata of sand, sand- 
stone, calcareous marl, clay, and limestone, none of which observe 
a fixed and invariable order of superposition. The ancient borders 
of the lake, wherein the freshwater strata were accumulated, may 


* Scrope, Geology of Central France, p. 15. 
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generally be traced with precision^ the granite and other ancient rocks 
rising up boldly from the level country. The actual junction, how- 
ever, of the lacustrine beds and the granite is rarely seen, as a small 
valley usually intervenes between them. Tim freshwater strata may 
sometimes be seen to retain their horizontality within a very slight 
distance of the border-rocks, while in some places they are inclined, 
and in few instances vertical. The principal divisions into which 
the lacustrine series may be separated are the following: — 1st, 
Sandstone, grit, and conglomerate, including red marl and red sand- 
stone ; 2dly, Green and white foliated marls ; 3dly, Limestone, or 
travertin, often oolitic in structure ; 4thly, Gypseous marls. 

1. a. Sandstone and conglomerate . — Strata of sand and gravel, 
sometimes bound together into a solid rock, are found in great abun- 
dance around the confines of the lacustrine basin, containing, in 
different places, pebbles of all the ancient rocks of the adjoining 
elevated country ; namely, granite, gneiss, mica-schist, clay-slate, 
porphyry, and others, but without any intermixture of basaltic or 
other tertiary volcanic rocks. These strata do not form one con- 
tinuous band around the margin of the basin, being rather disposed 
like the independent deltas which grow at the mouths of torrents, 
along the borders of existing lakes. 

At Chamali^res, near Clermont, we have an example of one of 
these deltas, or littoral deposits, of local extent, where the pebbly 
beds slope away from the granite, as if they had formed a talus 
beneath the waters of the lake near the steep shore. A section of 
about fifty feet in vertical height has been laid open by a torrent, 
and the pebbles are seen to consist throughout of rounded and 
angular fragments of granite, quartz, primary slate, and red sand- 
stone. Partial layers of lignite and pieces of wood are found in these 
beds. 

At some localities on the margin of the basin, quartzose grits are 
found ; and, where these rest on granite, they are sometimes formed 
of separate crystals of quartz, mica, and felspar, derived from the 
disintegrated granite, the crystals having been subsequently bound 
together by a siliceous cement. In these cases the granite seems 
regenerated in a new and more solid form ; and so gradual a passage 
takes place between the rock of crystalline and that of mechanical 
origin, that we can scarcely distinguish where one ends and tlie 
other begins. 

In the hills called the Puy de Jussat and La Roche, we have the 
advantage of seeing a section continuously exposed for about 700 feet 
in thickness. At the bottom are foliated marls, white and green, 
about 400 feet thick ; and above, resting on the marls, are thequartzos^ 
grits, cemented by calcareous matter, which is sometimes so abundant^ 
as to form embedded nodules. These sometimes constitute spheroidal 
concretions six feet in diameter, and pass into beds of solid lime- 
stone, resembling the Italian travertins, or the deposits of mineral 
springs. 

1. b. Red marl and sandstone . — But the most remarkable of the 
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arenaceous groups is one of red sandstone and red marl, which are 
identical in all their mineral characters with the secondary New Red 
sandetone and marl of England. In these secondary rocks the red 
ground is sometimes variegated with light greenish spots, and the 
same may be seen in the tertiary formation of freshwater origin at 
Coudes, on the Allier. The marls are sometimes of a purplish-red 
colour, as at Champheix, and are accompanied by a reddish-lime- 
stone, like the well-known cornstone,” which is associated with the 
Old Red sandstone of English geologists. The red sandstone and 
marl of Auvergne have evidently been derived from the degradation 
of gneiss and mica-schist, which are seen in situ on the adjoining 
hills, decomposing into a soil very similar to the tertiary red sand 
and marl. We also find pebbles of gneiss, mica-schist, and quartz 
in the coarser sandstones of this group, clearly pointing to the 
parent rocks from which the sand and marl are derived. The red 
beds, although destitute themselves of organic remains, pass upwards 
into strata containing tertiary fossils, and are certainly an integral 
part of the lacustrine formation. From this example the student 
will learn how small is the value of mineral chai’acter alone, as a 
test of the relative age of rocks. 

2. Green and white foliated marls , — The same primary rocks of 
Auvergne, which, by the partial degradation of their harder parts, 
gave rise to the quartzose grits and conglomerates before mentioned, 
would, by the reduction of the same materials into powder, and by 
the decomposition of their felspar, mica, and hornblende, produce 
aluminous clay, and, if a sufficient quantity of carbonate of lime 
was present, calcareous marl. This fine sediment would naturally 
be carried out to a greater distance from the shore, as are the 
various, finer marls now deposited in Lake Superior. And as, in the 
American lake, shingle and sand are annually amassed near the 
northern shores, so in Auvergne the grits and conglomerates before 
mentioned were evidently formed near the borders. 

The entire thickness of these marls is unknown ; but it certainly 
exceeds, in some places, 700 feet. They are, for the most part, 
either light-green or white, and usually calcareous. They are 
thinly foliated — a character which frequently arises from the in- 
numerable thin shells, or carapace- valves, of that small crustacean 
called Cypris^ which is provided with two small valves, not unlike 
those of a bivalve shell, and moults its integuments periodically, 
which the conchiferous raollusks do not. This circumstance may 
partly explain the countless myriads of the shells of Cypris which 
were shed in the ancient lakes of Auvergne, so as to give rise to 
divisions in the marl as thin as paper, and that, too, in stratified 
masses several hundred feet thick. A more convincing proof of the 
tranquillity and clearness of the waters, and of the slow and gradual 
process by which the lake was filled up with fine mud, cannot be 
desired. But we may easily suppose that, while this fine sediment 
was thrown down in the deep and central parts of the basin, gravel, 
sand, and rocky fragments were hurried into the lake, and deposited 
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neai* the shore, forming the group described iu the preceding 
section. 

Not far from Clermont, the green marls, containing the Cypris in 
abundance, approach to within a few yards of the granite which fonns 
the borders of the basin. The occurrence of these mai'ls so near the 
ancient margin may be explained by considering that, at the bottom 
of the ancient lake, no coarse ingredients were deposited in spaces 
intermediate between the points where rivers and torrents entered, 


Fig. 165. 



Vertical strata of marl, at Charnpradeile, near Clormont. 

A. Granite. B. Space of 60 feet. In which no «ectlon ii seen. 

C. Green marl, vertical and inclined. D. White marl. 

but finer mud only was drifted there by currents. The verticality of 
some of the beds in the above section bears testimony to considerable 
local disturbance subsequent to the deposition of the marls ; but such 
inclined and vertical strata are very rare. 

3. Limestone^ travertin^ oolite. — Both the preceding members of 
the lacustrine deposit, the marls and grits, pass occasionally iuto 
limestone. Sometimes only concretionary nodules abound in them ; 
but these, where there is an increase in the quantity of calcareous 
matter, unite into regular beds. 

On each side of the basin of the Limagne, both on the west at 
Gannat, and on the east at Vichy, a white oolitic limestone is quar- 
ried. At Vichy, the oolite resembles our Bath stone in appearance 
and beauty ; and, like it, is soft when first taken from the quarry, 
but soon hardens on exposure to the air. At Gannat, the stone 
contains land-shells and bones of quadrupeds. At Chadrat, in tlie 
hill of La Serre, the limestone is pisolitic, the small spheroids com- 
bining both the radiated and concentric structure, 

Indusial limestone. — There is another remarkable form of fresh- 
water limestone in Auvergne, called indusial,” from the cases, or 
indmice^ of caddis- worms (the larvae of Phryganea) ; great heaps of 
which have been encrusted, as they lay, by carbonate of lime, and 
formed into a hard travertin. The rock is sometimes purely cal- 
careous, but there is occasionally an intermixture of siliceous matter. 
Several beds of it are frequently seen, either in continuous masses, 
or in concretionary nodules, one upon another, with layers of marl 
interposed. The annexed drawing (fig. 166.) will' show the manner 
in which one of these indusial beds (a) is laid open at the surface, 
between the marls (6, i), near the base of the hill of Gergovia ; and 
affords, at the same time, an example of the extent to which the 
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lacustrine strata, which must once have filled a hollow, have been 
denuded, and shaped out into hills and valleys, on the site of the 
ancient lakes. 

Fig !66. 



Bod of Induijal limesione, iuterstrntlfied wUh fre«hwat«r marl, near Clermont ( Kleinichrod). 

We may often observe in our ponds the Pfmjganea (or Caddis- 
fly), in its caterpillar state, covered with small freshwater shells, which 
they have the power of fixing to the outside of their tubular cases, 
in order, probably, to give them weight' and strength. The individual 
figured in the annexed cut, which belongs to a species very abundant 

in England, has covered its case with 
shells of a small Planorhis, In the same 
manner a large species of caddis- worm 
which swarmed in the Eocene lakes of 
Auvergne was accustomed to attach to 
its dwelling the shells of a small spiral 
Larva of recent univalve of the genus Poludinit. A hun- 

dred of these minute shells are sometimes seen an’anged around one 
tube, part of the central cavity of which is often empty, the rest 
l>eing filled up with thin concentric layers of travertin. The cases 
have been thrown together confusedly, and often lie, as in fig. 168 ., 
at right angles one to the other. When we consider that ten or 
twelve tubes are packed within the compass of a cubic inch, and that 
some single strata of this limestone are six feet thick, and may be 
traced over a considerable area, we may form some idea of the count- 
less number of insects and mollusca which contributed their integu- 



* I believe that the British specimen here figured is P. rhmbica^ Linn. 
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ments and shells to compose this singularly constructed rock. It is 
unnecessary to suppose that the Phryganem lived on the spots where 
their cases are now found ; they may have multiplied in the shallow -i 
near the margin of the lake, or in the streams by which it was 
and their cases may have been drifted by a current far into the deep 
water. 


Fig. 168 . 



a. Indmial limestone of Auvergne. b. Fossli Paludma, magnified. 

In the summer of 1837, when examining, in company with Dr. 
Beck, a small lake near Copenlmgen, I had an opportunity of wit- 
nessing a beautiful exemplification of the manner in which the 
tubular cases of Auvergne were probably accumulated. This lake, 
called the Fuure-Soe, occurring in the interior of Seeland, is about 
twenty English miles in circumference, and in some parts 200 feet in 
depth. Round the shallow borders an abundant crop of weeds and 
rushes may be observed, covered with the indusia? of the Phrgganca 
grandis and other species, to which shells are attached. The plants 
which support them are the bulrush, Scirpus lacustris^ and common 
reed, Arundo phraymites^ but chiefly the former. In summer, espe- 
cially in the month of June, a violent gust of wind sometimes causes a 
current by which these plants are torn up by the roots, washed away, 
and floated off in long bands, more than a mile in length, into deep 
water. The Cypris swarms in the same lake; and calcareous springs 
alone are wanting to form extensive beds of indusial limestone, like 
those of Auvergne. 

4. Gypseous marls , — More than «50 feet of thinly laminated gyp- 
seous marls, exactly resembling those in the hill of Montmartre, at 
Paris, are worked for gypsum at St. Remain, on the right bank of 
the Allier. They rest on a series of green cypridiferous marls 
which alternate with grit, the united thickness of this inferior group 
being seen, in a vertical section on the banks of the river, to exceed 
250 feet. 

General arrangement, origin, and age of the freshwater formations 
of Auvergne , — The relations of the different groups above described 
cannot be learnt by the study of any one section ; and the geologist 
who sets out with the expectation of finding a fixed order of succes- 
sion may perhaps complain that the different parts of the basin givo 
contradictory results. The arenaceous division, the marls, and the 
limestone may all be seen in some places to alternate with each 
other ; yet it can by no means be affirmed that there is no order of 
arrangement. The sands, sandstone, and conglomerate constitute in 
general a littoral group ; the foliated white and green marls, a cou- 
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temporaReous central deposit ; and the limestone is for the most pfu*t 
subordinate to the newer portions of both. The uppermost marls 
and sands are more calcareous than the lower ; and we never meet 
with calcareous rocks covered by a considerable thickness of quart* 
. zose sand or green marl. From the resemblance of the limestones to 
the Italian travertins, we may conclude that they were derived from 
the waters of mineral springs, — such springs as even now exist in 
Auvergne, and which may be seen rising up through the granite, 
and precipitating travertin. They are sometimes thermal, but this 
character is by no means constant. 

It seems that, when the ancient lake of the Limagne first began to 
he filled with sediment, no volcanic action had yet produced lava and 
scoriae on any part of the surface of Auvergne. No pebbles, there - 
fore, of lava were transported into the lake — no fragments of volcanic 
rocks embedded in the conglomerate. But at a later period, when a 
considerable thickness of sandstone and marl had accumulated, erup- 
tions broke out, and lava and tuff were deposited, at some spots, al- 
ternately with the lacustrine strata. It is not improbable that cold 
and thermal springs, holding different mineral ingredients in solution, 
became more numerous during the successive convulsions attending 
this development of volcanic agency, and thus deposits of carbonate 
and sulphate of lime, silex, and other minerals were produced. 
Hence these minerals predominate in the uppermost strata. The 
subterranean movements may then have continued until they altered 
the relative levels of the country, and caused the waters of the lakes 
to be drained off, and the farther accumulation of regular freshwater 
strata to cease. 

We may easily conceive a similar series of events to give rise to 
analogous results in any modern basin, such as that of Lake Superior, 
for example, where numerous rivers and torrents are carrying down 
the detritus of a chain of mountains into the lake. The transported 
materials must be arranged according to their size and weight, the 
coarser near the shore, the finer at a greater distance from land; but 
in the gravelly and sandy beds of Lake Superior no pebbles of modern 
volcanic rocks can be included, since there are none of these at present 
in the district. If igneous action should break out in that country, 
and produce lava, scori®, and thermal springs, the deposition of gravel, 
sand, and marl might still continue as before ; but, in addition, there 
would then be an intermixture of volcanic gravel and tuff, and of 
rocks precipitated from the waters of mineral springs. 

Although the freshwater strata of the Limagne approach generally 
to a horizontal position, the proofs of violent local disturbance are suf- 
ficiently numerous to allow us to suppose great changes of level 
since the lacustrine period. We are unable to assign a northern 
barrier to the ancient lake, although we can still trace its limits to 
the east, west, and south, where they were formed of bold granite 
eminences. Nor need we be surprised at our inability to restore 
entirely the physical geography of the country after so great a series 
of volcanic eruptions; for it is by no means improbable that one part 
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of it, the Bonthem, for example, may have been moved upwards 
bodily, while others remained at rest, or even suffered a movement 
of depression. 

It is scarcely possible to determine the age of the oldest part of 
the freshwater series of the Limagife, large masses both of the sandy 
and marly strata being devoid of fossils. Some of the lowest beds 
may be of Upper Eocene date, although, according to M. Pomel, 
only one bone of a Paleotkerium has been discovered in Auvergne. 
But in Velay, in strata containing some species of fossil mammalia 
common to the Limagiie, no less than four species of Paleothere have 
been found by M. Aymard, and one of these is generally supposed to 
be identical with Paleotkerium magnum^ an undoubted Upper Eocene 
fossil, of the Paris gypsum, the other three being peculiar. 

Not a few of the other mammalia of the Limagne made known to 
us by the labours of MM. Bouillet, Bravard, Croizet, Jobert, Laizer, 
Robert, Aymard, and Pomel, belong undoubtedly to genera and 
species elsewhere proper to the Lower Miocene. Thus, for example, 
the Cainotherium of Bravard, a genus not far removed from tihe 
Anoplotherium, is represented by several species, one of which, as I 
learn from Mr. Waterhouse, agrees with Microtherium Renggeri of 
the Mayence basin. In like manner the Amphitragulus elegans of 
Pomel, an Auvergne fossil, is identified by Waterhouse with Dorca- 
therium nanum of Kaup, a Rhenish species from Weissenau, near 
Mayence. A small species also of rodent, of the genus Titanomys of 
H, von Meyer, is common to the Lower Miocene of Mayence and 
the Limagne d’ Auvergne, and there are many other points of agree- 
ment which the discordance of nomenclature tends to conceal. A 
remarkable carnivorous genus, the Hysenodon of Laizer, is repre- 
sented by more than one species. The same genus has also been 
found in the Upper Eocene marls of Hordwell Cliff, Hampshire, just 
below the level of the Bembridge Limestone, and therefore a forma- 
tion older than the Gypsum of Paris. Several species of opossum 
(Dide/phis) arc met with in the same strata of the Limagne. The 
association of such genera as Dinotheriumy Tapir, Anthracotherium, 
and Rhinoceros with those above mentioned, helps to connect the 
Auvergne fauna with the Upper Miocene, but the species are differ- 
ent from those of the neighbouring faluns of the Loire, or those of 
Sansan, in the South of France. Nor do the Upper Miocene species 
appear, so far as we yet know, in the overlying volcanic formations 
of Auvergne, where the quadrupeds hitherto discovered belong 
either to the older or newer Pliocene periods. 

The total number of mammalia enumerated by M. Pomel as apper- 
taining to the Lower Miocene fauna of the Limagne and Velay, falls 
little short of a hundred, and with them are associated some large 
crocodiles and tortoises, and some Ophidian and Batrachian reptiles. 

Cantal , — A freshwater formation, already alluded to, of about the 
same age and very analogous to that of Auvergne, is situated in 
the Department of Haute Loire, near the town of Le Pay, in 
V^lay ; and another occurs near Aurillac, in Cantal. The leading 
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feature of the formation last mentioned, as distinguished from those 
of ’Auvergne and V(^lay, is the immense abundance of silex associated 
with calcareous marls and limestone. 

The whole series may be separated into two divisions ; the lower, 
composed of gravel, sand, and clay, such as might have been derived 
from the wearing down and decomposition of the granitic schists of 
the surrounding country ; the upper system, consisting of siliceous 
and calcareous marls, contains subordinately gypsum, silex, and 
limestone. 

The resemblance of the freshwater limestone of the Cantal, and 
its accompanying flint, to the upper chalk of England, is very in- 
structive, and well calculated to put the student upon his guard 
against relying too implicitly on mineral character alone as a safe 
criterion of relative age. 

When we approach Aurillac from the west, we pass over great 
heathy plains, where the sterile mica-schist is barely covered 
with vegetation. Near Ytrac, and between La-Capelle and Vis- 
camp, the surface is strewed over with loose broken flints, some of 
them black in the interior, but with a white external coating ; others 
stained with tints of yellow and red, and in appearance precisely 
like the flint gravel of our chalk districts. When heaps of this 
gravel have thus announced our approach to a new formation, we 
arrive at length at the escarpment of the lacustrine beds. At the 
bottom of the hill which rises before us, we see strata of clay and 
sand, resting on mica-schist; and above, in the quarries of Belbet, 
Leybros, and Bruel, a white limestone, in horizontal strata, the sur- 
face of which has been hollowed out into irregular furrows, since 
filled up with broken flint, marl, and dark vegetable mould. In 
these cavities we recognize an exact counterpart to those which are 
so numerous on the furrowed surface of our own white chalk. Ad- 
vancing from these quarries along a road made of the white lime- 
stone, wliich reflects as glaring a light iu the sun as do our roads 
composed of chalk, we reach, at length, in the neighbourhood of 
Aurillac, hills of limestone and calcareous marl, in horizontal strata, 
separated in some places by regular layers of flint in nodules, the 
coating of each nodule being of an opaque white colour, like the 
exterior of the flinty nodules of our chalk. 

The abundant supply both of siliceous, calcareous, and gypseous 
matter, which the ancient lakes of France received, may have been 
connected with the subterranean volcanic agency of which those 
regions were so long the theatre, and which may have impregnated 
the springs with mineral matter, even before the great outbreak of 
lava. It is well known that the hot springs of Iceland, and many 
other countries, contain silex in solution ; and it has been lately 
affirmed, that steam at a high pressure is capable of dissolving 
quartzose rocks without the aid of any alkaline or other flux.* 
Warm water charged with siliceous matter would immediately part 


^ See Proceedings of Royal Soc., No. 44. p. 233. 
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with a portion of its silex, if its temperature was lowered by mixing 
with the cooler waters of a lake. 

A hasty observation of the white limestone and flint of Aurillae 
might convey the idea that the rock was of the same age as the 
white chalk of Europe ; but when w'e turn from the mineral aspect 
and composition to the organic remains, we find in the flints of the 
Cantal seed-vessels of the freshwater CkarUy instead of the marine 
zoophytes so abundant in chalk flints; and in the limestone we meet 
with shells of LimneOy PlanorbiSy and other lacustrine genera. 

Proofs <f gradual deposition, — Some sections of the foliated 
marls in the valley of the Cer, near Aurillae, attest, in the most un- 
equivocal manner, the extreme slowness with which the materials 
of the lacustrine series were amassed. In the hill of Barrat, for 
example, we find an assemblage of calcareous and siliceous marls, 
ill which, for a depth of at least 60 feet, the layers are so thin, that 
thirty are sometimes contained in the thickness of an inch ; and 
when they are separated, we see preserved in every one of them the 
flattened stems of ChareSy or other plants, or sometimes myriads of 
small Paludince and other freshwater shells. These minute foliations 
of the marl resemble precisely some of the recent laminated beds of 
the Scotch marl lakes, and may be compared to the pages of a book, 
each containing a history of a certain period of the past. The 
different layers may be grouped together in beds from a foot to a 
foot and a half in thickness, which are distinguished by differences 
of composition and colour, the tints being white, green, and brown. 
Ocx'asionally there is a parting layer of pure flint, or of black car- 
bonaceous vegetable matter, about an inch thick, or of white pul- 
verulent marl. We find several bills in the neighbourhood of 
Aurillae composed of such materials, for the height of more than 
200 feet from their base, the whole sometimes covered by rocky 
currents of trachytic or basaltic lava.* 

Thus wonderfully minute are the separate parts of which some of 
the most massive geological monuments are made up ! When we 
desire to classify, it is necessary to contemplate entire groups of 
strata in the aggregate ; but if we wish to understand the mode of 
their formation, and to explain their origin, we must think only of 
the minute subdivisions of which each mass is composed. We must 
bear in mind how many thin leaflike seams of matter, each con- 
taining the remains of myriads of testacea and plants, frequently 
enter into the composition of a single stratum, and how vast a suc- 
cession of these strata unite to form a single group ! We must 
remember, also, that piles of volcanic matter, like the Flomb du 
Cantal, which rises in the immediate neighbourhood of Aurillae, are 
themselves equally the result of successive accumulation, consisting 
cf reiterated sheets of lava, showers of scorise, and ejected fragments 
of rock. Lastly, we must not forget that continents and mountain* 

♦ Lyell and Mnrehtson, Sur les Depots Lacustres Tertiaires du Cantal, &c. 
Ann. des Sci. Nat., Oct. 1829. 
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ciukim, colossal as are their dimensioas, are nothing more than an 
assemblage of many such igneous and aqueous groups, formed in 
succession during an indefinite lapee of ages, and superimposed upon 
each other, 

Miocene strata of Bordeaux and South of France. — A great ex- 
tent of* countiy between the Pyrenees and the Gironde is overspread 
by tertiary deposits of various ages and chiefly of Miocene date. 
M. Tournouer, in an able memoir on these formations *, has shown 
that there is a remarkable continuity in the succession of strata, the 
uppermost being somewhat newer than the faluns of Touraine and 
the lowest somewhat older than the Fontainebleau sandstone already 
alluded to. In the highest group, that of Salles, in which Valuta 
Lamberti and Cardita Jouanneti occur, there are many fossils 
common to the Pliocene or Subnpennine strata. Next below these 
are tlie faluns proper of Bordeaux, which include the faluns of 
Saucats and Leognan and those of Dax in the adjoining basin of the 
Adour. These formations, which contain among other shells Pecten 
Burdiyalensis and Ancillaria glandiformis, coincide in age with the 
faluns of Touraine ; but so many of the species are peculiar to the 
south as to imply that there was a separation by a considerable tract 
of land between the basins of the Loire and Gironde. 

Strata which may be referred to the- Lower Miocene come next 
ill the descending order, comprising those of M^rignac and Bazas, 
tlie first brackish and the latter of marine origin. In this fluvio- 
marine series, Cerithium plicatum (fig. 173. p. 238.), C. margarU 
taceunif C. Brongniarti^ &c., and in the marine beds Pyrula Lainei 
occur. The greater part of this series is considered by M. Tour- 
nouer to correspond in age with the freshwater limestone of La 
Beauce in the basins of the Loire and Seine. 

Still lower is the Asterias limestone, which with its overlying 
marls is about 300 feet in thickness, in which Cerithium plicatum 
and C. margaritaceum are again met with, together with Natica 
crassatina and other shells characteristic of the Liampes and Fon- 
tainebleau sands before mentioned. Jn these lower strata are many 
species common to the Parisian Eocene system, to the Calcaire 
Grossier for example, and even beds still lower. There are also 
several species of nummulites in the Asterias limestone, and their 
presence marks a difiTerence in the character of the Lower Miocene 
of the Sputh of Europe, as contrasted with that of the north. 
These and other indications of a passage from an older to a newer 
group, is just what we might expect in proportion as our series of 
monuments begins to be more and more complete. According to 
M. Tournouer, the Lower Miocene shells identifiable with Eocene 
species are always varieties of the same — an important fact as bearing 
on theories of the origin of species. Below the whole of these 
formations lies a true Eocene limestone called the Calcaire de Blaye, 
of the age of the Calcaire Grossier of the Paris basin. In order to 
explain the succession of beds in the basin of the Gironde, several 


* Bulletin Soc. Ged. de France, tome xviii., 1861-2, p. 1035. 
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odcillatioDS of level are neeesearj. The same wide area was alter- 
nately converted into sea and land and into brackish -water lagoonts 
and finally into freshwater ponds and lakes. 

Upper Miocene strata of Gers, — Among the fr^hwater strata 
last alluded to near the base of the Pyrenees, are many of Upper 
Miocene age, fVom which bones of the Dinotherium giganteum and 
entire skeletons of the Mmtodon angusHdens have been obtained by 
M. LarteU In ond of these deposits that eminent compai'ative ana- 
tomist discovered, in 1837, the first remains of quadrumana which 
had been detected in Europe. They were associated with the qua- 
drupeds above mentioned in beds of freshwater marl, limestone, and 
sand near Auch, in the Department of Gers, about forty miles west 
of Toulouse. They were referred by MM. Lartet and Blainville to 
a genus closely allied to the Gibbon, to which they gave the name 
of Pliopit/iecus. More recently (1856) M. Lartet described another 
species of the same family of long-armed apes (Hglobates), which he 
obtained from strata of the same age at Saint-Gaudens, in the Haute 
Garonne. The fossil remains of this animal consisted of a portion 
of a lower jaw with teeth and the shaft of a humeinis. It is supposed 
to have been a tree-climbing frugivorous ape, equalling Man in 
stature. As the trunks of oaks are common in the lignite beds in 
which it lay, it has received the generic name of Dryopiihecus. The 
angle formed by the ascending ramus of the jaw and the alveolar 
border is less open, and therefore more like the human subject than 
in the Chimpanzee, and, what is still more remarkable, the fossil, a 
young but adult individual, had all its milk teeth 'replaced by the 
second set, while its last true molar (or wisdom tooth) was still un- 
developed, or only existed as a germ in the jaw-bone, lii the mode, 
therefore, of the succession of its teeth (which, as in all the Old 
World apes, exactly agree in number with those in Man) it differed 
from the Gorilla and Chimpanzee and corresponded with the human 
species. 

This peculiarity in its dentition, however, it shared, as M. Lartet 
reminds us, with one of the living Gibbons called the Siamang. It 
is only one of several characters, such as the more globular form of 
the cranium and the smaller size of the canine teeth of the lower 
jaw, in which the Gibbons approach Man in their structure more 
nearly than do any other of the tailless apes. There is an analogy 
between such points of agreement and the fact that Man and the Orang 
{Pithecus) have each twelve pair of ribs, whereas the Gorilla and 
Chimpanzee ( Troglodytes)^ notwithstanding that in the aggregate of 
their characters they approach nearer to the human type than the 
Orang, have each thirteen pair. A still more curious analogy is af- 
forded by some of the platyrrhine monkeys of South America, which, 
although they dififer from all the Old World quadrumana and from 
Man in having four supernumerary molars, yet are not only less 
prognathous than the catarrhine monkeys, but have the cerebellum 
more decidedly overlapped by the pi>sterior lobe of the cerebrum 
than the Old World apes. Yet the brains of the latter are, on the 
whole, much more akin to the human in their anatomical structure. 
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BELGIAN AND BRITISH MIOCENE FORMATIONS. 

Upper Miocene near Antwerp, ^Edeghem beds , — The black or Glau- 
coniferouB Cra«r of Antwerp was mentioned at page 206. as bearing a 
considerable affinity to that of Sudblk, about two-thirds of the 65 
shells obtained from it being common to the Suffolk Coralline Crag, 
and somewhat less than half of the whole being of living species. 

About the year 1862, an important discovery was made at 
Edeghem, in the environs of Antwerp, of another deposit somewhat 
older than the Black Crag. In excavating for brick earth, they came 
upon a bed of argillaceous sand, in which no less than 152 fossils 
were found, comprising 145 mollusca and echinoderms, and some 
zoophytes, especially a large species of Flahellum, All these have 
been examined and tabulated by M. Nyst, and carefully compared 
with the fossils of other Miocene and Pliocene deposits of Europe.* 
Tliese Edeghem beds, which repose on Lower Miocene clay, the 
“ Rupelian ” of Dumont, are most nearly related by their fossils to the 
Black Crag above alluded to, but they betray many indications of 
greater antiquity. Fifty-eight of the species are new to the Belgian 
tertiaries, and of these 14 only, or about 25 per cent., are recent. Of 
the whole 145 Edeghem shells, 52 are considered by Nyst as living 
species, besides 5 others, which are probably identical with the liv- 
ing, making, if all are accepted, a proportion of 39 per cent, which 
is decidedly smaller than that observed in the Antwerp Black Crag 
(see above, p. 206.). A still more significant indication of the con- 
nection of the Edeghem sands with an older or Miocene period is 
afforded, first, by the fact that no less than 83 of the 145 mollusca 
are falunian, as shown by M. Nyst’s tables, or, in other words, a pro- 
portion of 56 per cent, are specifically identical with shells occurring 
in the Upper Miocene beds of North Germany, Touraine, the Vienna 
basin, the Bordeaux faluns, and other localities unquestionably of 
Upper Miocene date ; secondly, what is perhaps even more in favour 
of their anliquity, there occur in them shells of the genera Conus, 
Ancillaria, and Oliva, all of which are not only wanting in the Red 
and Coralline Crag of Suffolk, and in the Upper and Middle Crags 
of Antwerp, but are also absent from the lowest or Black Cra<^ of 
Antwerp. These same genera are also met with in the strata of the 
Bolderberg in Belgium, a true Upper Miocene formation, the fauna 
of which recedes still farther from that now existing in the propor- 
tion of its shells of living species. 

Upper Miocene (?) q/* Belgium and England, — Diest Sands. 

M. Nyst is of opinion that the formation called by Dumont the 

Diestian is of the same age as the sands of Edeghem a conclusion 

w^hich is probably well founded. These ferruginous sands and sand- 
stones of Diest are well seen near the town of that name, about 
thirty miles north-east of Brussels. They abound in green grains, 
resembling in mineral character th^ ferruginous beds of the Lower 


* Nyst, Bulletin Acad. Roy., Bruselles, 1862 . 
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Greensand in the south-east of England. The strata contain hut a 
small number of fossils^ the Terebratula grandk being one of the few 
which are well preserved. The Diest sands are conspicuous as form- 
ing the cappings of hills stretching from Diest by Louvain and west- 
ward by Oudenarde to Cassel in French Flanders, where they are seen 
at the summit of a liill 515 feet high. After having been thus traced 
for a hundred miles from east to west, they are again seen retaining 
the same mineral character for another hundred miles in a sirailsr 
westward direction, first capping the Downs near Folkestone, and 
tlien appearing at various points, such as Paddlesworth, Lenharn 
near Maidstone, and Vigo Hill near Otford in Kent. 

The geological position of these iron sands in England was first 
made out by Mr. Prestwich, who, in a paper read to the Geological 
Society of London in 1 857, described them as being possibly older 
than the Coralline Crag, and as occurring on the summit of the 
North Downs at various points between Folkestone and Dorking. 
He mentioned their resemblance to the sands at Diest in lielgium, 
and that they contained the Terebratula grandis^ and casts of Astnrte 
pyrulcL^ Emarginvla^ and other fossils, all common to the British 
Crag. After the publication of Mr. Prestwich’s paper, I visited witli 
him the principal localities in Kent to which he had called attention, 
and saw the ferruginous sands, twenty feet thick, resting on the chalk 
near the edge of the escarpment, about a mile N.E. of Folkestone, 
and again at Paddlesworth, on the summit of the Downs, four miles 
W.N.W. of Folkestone, where the sands are about forty feet thick, and 
where they occur at an elevation of about 500 feet above the sea. 
At Lenham, ten miles east of Maidstone, fragments of the more con- 
solidated ferruginous layers, full of casts of marine shells and other 
fossils, are preserved in vertical sandpipes, which penetrate the 
white chalk. Here I saw organic remains, reminding me of those 
which I had seen in 1850 at Kesseloo, near Louvain, in the “ Diest 
Sands,” which there overlie the Limburg or Lower Miocene beds.* 
The evidence, both in Belgium and in Kent, being derived from 
casts, consists mainly in the correspondence of genera ; but some of 
the species, such as the large Terebratula and a Turbinolia, seem 
identical. 

We cannot determine at present, in consequence of the dearth of 
fossils in the Diest sands, their exact relation to the Edeghem beds, 
or whether they may be intermediate between the Edeghem and 
Bolderberg strata, but we may at least affirm that the only British 
strata at present known which can have any claim to be regarded as 
Upper Miocene are the ferruginous sands of the North Downs here 
alluded to. 

Upper Miocene of the Bolderberg in BeJgiunu^ln a small hill or 
ridge called the Bolderberg, which I visited in 1851, situated near 
Hasselt, about forty miles E.N.E. of Brussels, strata of sand and 
gravel occur, to which M. Dumont first called attention as appearing 

♦ See a Memoir by V. Baulin, 1848 : Bordeaux. 
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to constitute a northern representatiTe of the Muns of Tonraine. 
On the whole, they are very distinct in their fossils from the two 
upper divisions of the Antwerp Crag before 
rig. ic9. mentioned, and contain shells of the genera 

» 0/tvdr, ConuMf AnciUaria^ Fhurotoma^ and Can- 
cellaria in abundance. The most common shell 
is an Olive (see fig. 169.), called by Nyst Oliva 
DufresnUy Bast; and constituting as M. Bosquet 
observes, a smaller and shorter variety of the 
Bordeaux species.^ 
oiwa Du/remu\ B«*t. Boi- The Upper Miocene strata in the Bolderberg 
occur at the height of about 200 feet above 
the level of the sea. They are covered by the 
Diestian sands and iron sandstone already described, and they repose 
on Lower Miocene beds called Bupelian by Dumont. 8o far as the 
shells are known, the proportion of recent species agrees with that 
in the faluns of Touraine, and the climate must have been warmer 
than that of the Coralline Crag of England. 

In none of the Belgian Lower Miocene strata could I find any 
nummulites ; and M. d’Archiac had previously observed that these 
foraminifera characterize his “ Lower Tertiary Series,** as contrasted 
with the Middle, and may therefore serve as a good test of age, in 
the North of Europe at least, between Eocene and Miocene. The 
same naturalist informs us that one nummulite only has ever yet 
been seen to penetrate upwards into the middle tertiary, viz., Num- 
mulites intermedia^ an Eocene species. It has been found in the hill 
of the Superga, near Turin, in Miocene beds, somewhat older than 
the falunian type (see above, p. 207.). 

North Germany , — We learn from the able treatise published by 
M. Beyrich, in 1853, that the same fossil fauna, which is so meagrely 
exhibited in the Bolderberg, is rich in species in other localities in 
North Germany, as in Mecklenburg, Liineburg, the Island Sylt, and 
at Bersenbriick, north of Osnabriick, in Westphalia, where it was 
first observed by F. Romer.f 

Lower Miocene^ Belgium — It was stated that the Bolderberg beds 
rest on the Rupelian ot Dumont, a Lower Miocene formation best seen 
at the villages of Rupelmoude and Boom, ten miles south of Antwerp, 
on the banks of the Scheldt and near the junction with it of a small 
stream called the Rupel. A stiff clay abounding in fossils is exten- 
sively worked at the above localities for making tiles. It attains a 
thickness of about 100 feet, and, though very different in age, much 
resembles in mineral character the “ London Clay,” containing, like 
it, septaria or concretions of argillaceous limestone traversed by 
cracks in the interior, which are filled with calc-spar. The shells, 
referable to about forty species, have been descril^d by MM. Nyst 
and De Koninck. Among them Leda (or Nucula) Deshayesiana (see 

• Lyell on Belgian Tertiaries, Quart. Basterot of the Bordeaux fossil. 

Geob Journ., 1852, p. 295. Nyst’s figure t Beyrich, Die Conchylien der Nord* 
seems to be copied from that given by deutschen Tertiargcbirge; Berlin, 1863. 
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fig. 170 .) is by far the most abundant ; a fossil unknown as yet in 
the English tertiary strata, but when young much resembling Leda 

Fig. 170. 




Leda DethttyeikUM^ Nyit. 8yn, Ntteula Drskapetiana, 

amygdaloides of the London clay proper (see fig. 256. p. 291.)* 
Among other characteristic sliells are Pecten Hoemnghamii^ and a 
species of Cassidaria^ and several of the genus Pleurotoma, Not a 
few of these testacea agree with English Eocene species, such as 
Actmon simulatus^ Sow., Cancellaria evulsa^ Brander, Corbnla 
pisum (fig. 171.), and Nautilus (Aturia) ziczac. They are accom- 
panied by many teeth of sharks, as Lamna cantor tidens^ Ag., 
Oxyrhina xiphodoHy Ag., Carcharodon heterodon (see fig. 240.), 
Ag., and other fish, some of them common to the Middle Eocene 
strata. 

Rupelian Clay of Her^nsdorf near Berlin, — Professor Beyricli 
has described a mass of clay, used for making tiles, within seven 
miles of the gates of Berlin, near the village of Hermsdorf, rising up 
from beneath the sands with which that country is chiefly over- 
spread. This clay is more than forty feet thick, of a dark blueish- 
grey colour, and, like that of Rupelmonde, contains septaria. Among 
other shells, the Leda Deshayesiana before mentioned (fig, 170.) 
abounds, together with many species of Pleurotoma, Valuta^ &c., a 
certain proportion of the fossils being identical in species with tho.se 
of Rupelmonde. The succession of the Lower Miocene strata of 
Belgium can be best studied in the environs of Kleyn Spawen, a 
village situated about seven miles west of Maestricht, in the old 
province of Limburg in Belgium. In that region, about 200 species 
of testacea, marine and freshwater, have been obtained, with many 
foraminifera and remains of fish. 

The following table will show the position of these Belgian or 
Limburg beds : — 


Upper Miocene. 

A Bolderberg beds, see p. 233., seen near Hasselt. 

Lower Miocene. 

B. 1. Nttcula Loam of Kleyn Spawen, same 'J Upper Limburg beds. — Rupelian of 
age as the clay of Rupelmonde Uuinout. 
and Boom. 

B. 2. Fluvio-marine beds of Bergb, Lethen, I MiddleLimburgljeds.— UpfK;rTon- 
and other places near Kleyn Spawen. grian of Dumont. 

B. 3. Marine green sand of Bergh, Neere- ) Lower Limburg beds. — Lower Ton- 
pen, Ac., and Tongres, near Kleyn I grian of Dumont. 

Spawen. J 
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Upfsr Eocenb. 

C. Calcareous sandy beds of Laeken, near Brussels, with nummulitcs, &r., of 
same age as the ** Sables Moyens*’ of the Paris basin and the Barton clay 
of Hampshire. 

Tha uppermost of the three eubdivisions (B. 1.) into which the 
Lower Miocene or Limburg series is separated in the above table, 
contains at Kleyn Spawen many of the same fossils as the clay, above 
mentioned, of Rupelmonde and Boom, places sixty miles N.W. of 
Kleyn Spawen. 

The lower, or Tongrian divisions, B. 2. and B. 3., are much better 
developed at Kleyn Spawen than B. 1. The first of these, B. 2., con- 
sists of several alternations of sands and marls, in which a greater 
or less intermixture of fluviatile and marine shells occurs, implying 
the occasional entrance of a river near the spot, and possibly oscilla- 
tions in the level of the bottom of the sea. Among the shells are 
found Cyrena semistriata (fig. 172.), Cerithium plicatuniy Lam. 
(fig. 173.), Rissoa Chastelii^ Bosq. (fig. 17o.), and Corbula pisum 
(fig. 171.), four shells all common to the Hempstead or British Lower 
Miocene beds of the Isle of Wight, to be mentioned in the sequel. 
With the above, Lucina Tfnerensii^ and other marine forms of the 
genera Venus, Limopsis, Trochus, &c., are met with. 

In B. 3., or the Lower Tongrian, more than 100 marine shells have 
been collected, among which the Ostrea ventilabrum is very conspi- 
cuous. Species common to the underlying Brussels sands, or the 
Upper Eocene, are numerous, constituting a third of the whole ; but 
most of these are feebly represented in comparison with the more 
peculiar and characteristic shells, such as Ostrea ventilabrum, My^ 
til us Nystii, Valuta suturalis, &c. 

Whether this Lower Tongrian should be classed as the lowest 
member of the Miocene series, or as the uppermost of the Eocene, 
or, in other words, as the marine equivalent of the freshwater 
gypsum of Paris, is a question not yet decided. I incline at present 
to the belief that it is somewhat newer than the Paris gypsum, but 
certainly near the boundary line which separates the two systems. 
Its relation to the Upper Eocene deposits of England or the Isle 
of Wight will be more fully discussed in the sixteenth chapter, 
p. 27d. 

In none of the Belgian Lower Miocene strata could I find any 
nummulites ; and M. d’Archiac had previously observed that these 
foraminifera characterize his “ Lower Tertiary Series,” as contrasted 
with the Middle, and they therefore serve as a good test of age be- 
tween Eocene and Miocene, at least in Belgium and the North of 
France.* 

Between the Bolderberg beds and the Rupelian clay there is a 
great chasm in Belgium, which seems, according to M. Beyrich, to 
be filled up in the North of Germany by what he calls the Stern- 


D’Archiac, Monogr., pp. 79. 100. 
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berg beds, and which, had Dtimont found them in Belgium, he 
might probabl/ have termed Upper Rupelian. 


LOWER MIOCENE STRATA OF ENGLAND. 

Hempstead beds. Isle of Wight — We have already seen that the 
Upper Miocene period is meagrely and somewhat questionably re- 
presented in England by certain ferruginous sands on the North 
Downs, of the age of the Diestian beds of Belgium. The Lower 
Miocene period is more decidedly represented by certain strata in 
the Isle of Wight, the true age of which was not recognized until 
the year 1852, when the late Edward Forbes observed* that there 
was a series of tertiary strata near Yarmouth newer than those of 
Binstead and Bembridge. These last are the undoubted equivalents 
of the Paris gypsum, being characterized by the same species of 
leotkerium^ Anoplotherium^ &c., as those described by Cuvier from 
Montmartre. The Lower Miocene deposits alluded to are 170 feet 
in thickness and rich in fossils, and have been called the Hempstead 
series, from a hill of that name on the coast near Yarmouth.^ The 
following is the successfon of the strata : — 

SUBDIVISIONS OF THE HEMPSTEAD SEHIES. 

1. The uppermost or Corbula beds, consisting of marine sands and clays, contam 
Valuta iiathieri^ a characteristic Lower Miocene shell, Corbula pisum, fig. 171., 
a specie’s common to the Upper Eocene clay of Barton ; Cyrena . 
fig. 172., several Cerithia, and other shells peculiar to this senes. 


Fig. 171. Fig. 172. 



Corbula pi$um. Hempstead Beds, Curena sennxtriafa. 

Isle of Wight. Hempstead Beds. 


2. Next below are freshwater and estuary marls and carbonaceous clays, in the 
brackish- water portion of which are found abundantly Cerithium plicatum, Lam., 
fig. 173., C. eleganSf fig. 174., and C. tricifwtum ; Q.ho liiasoa Chusteliit fii;. 17.').. 
a very common Kleyn Spawen shell, and which occurs in pach of the four sub- 
divisions of the Hempstead series down to its base, where it passes into the 
Bembridge beds. In the freshwater portion of the same beds Pahdina lenia, 
fig. 176., occurs, a shell identified by some cohcJiologists with n species now 
living, P. unicolor ; also several species of LymneuSy Planorbis, and Unio. 

3. The next series, or middle freshwater and estuary marls, are distinguished 
by the presence of Melania fasciatri^ Paludina lenta^ and clays with Cypria; 
the lowest bed contains Cyrena eemislriata^ fig. 172., mingled with Ctrithia and 
a Panopaia. 

4. The lower freshwater and estuary marls contain Melania cantata^ Sow., 
Melanopsis, &c. The bottom bed is carbonaceous, and called the “Black band,** 

* E. Forbes, Geol. Quart, Journ., with Hampstead Hill, near London, 
jg 53 . where the Lower Eocene or London 

f This hill must not be confounded Clay is capped Middle Eocene aands. 
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in which Risitoa ChoMidiU fig* 175*^ before cUnded to, ic ecnnttiint. This bed 
contains a mixture of Hempstead shells with those of the nndeclying Upper 
Eocene or Bembridge series. The mammalia, among which is Ifyopoiamus 


rig. 17a Fig. 174. rig. its. Fig. I76. 



Crt ifArum pl/cittuttn, Cerithium fiegum, JHunoa Chastelii\ Nv«t, Palmdina imta, 
Lam. H«iinpttea<l. Hempitead, Sp. Hempstead, Isle Hempstead Bed. 

of Wight. 

bovinuSf differ, so far as they are known, from those of the Bcmbridge beds. 
Among the plants, Professor Heer has recognized four species common to the 
; lignite of Bovey Tracey, a Lower Miocene formation presently to be described : 
namely. Sequoia Couff/yia, Heer; Andromeda reticulaia^ 'Etiing ; Nymphaa Doris,, 
Heer; and Carpolithes Websteti, Brong.* The seed-vessels of Chara medi- 
cayinula, Brong., and C helectcres are characteristic of the Hempstead beds 
generally. 

The Hyopotamus belongs to the hog tribe, or the same ramilj as 
the Anthracotherium,of which seven species, varying in size from the 
liippopotamus to the wild boar, have been found in Italy and other 
parts of Europe associated with the lignites of the Lower Miocene 
period. 

Lignites and Clays of Bovey Tracey, Devonshire , — Surrounded by 
the granite and other rocks of the Dartmoor hills in Devonshire, is 
a foripation of clay, sand, and lignite, long known to geologists as 
the Bovey Coal formation, respecting the age of which, until 
the year 1861, opinions were very unsettled. This deposit is 
situated at Bovey Tracey, a village distant eleven miles from Exeter 
in a south-west, and about as far from Torquay* in a north-west 
direction. The strata extend over a plain nine miles long, and 
they consist of thfe materials of decomposed and worn-down granite 
and vegetable matter, and have evidently filled up an ancient 
hollow or lake-like expansion of the valleys of the Bovey and 
Teign. 

The lignite is of bad quality for economical purposes, as there is 
a great admixture in it of iron pyrites, and it emits a sulphurous 
odour, but it has been successfully applied to the baking of pottery, 
for which some of the fine clays are well adapted. Mr. Pengelly 
has confirmed Sir H, De la Beche’s opinion that much of the upper 

* Pengelly, preface to The Lignite Formation of Bovey Tracey, p. xvii : London, 
1863. 
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}>ortion of this old lacitsirine formation has been removed hy 
denudation.* 

At the surface is a dense covering of clay and gravel with angular 
stones probably of the Post-pliocene period, for in the clay are three 
species of willow and the dwarf birch, Betula nona^ indicating a 
climate colder than that of Devonshire at the present day. 

Below ihis are Lower Miocene strata about 300 feet in thickness, in 
the upper part of which are twenty-six beds of lignite, clay, and sand, 
and at their base a ferruginous quartzose sand, varying in thickness 
from two to twenty-seven feet. Below this sand are forty-five beds 
of alternating lignite and clay. No shells or bones of mammalia, and 
no insect with the exception of one fragment of a beetle (Buprestis) ; 
in a word, no organic remains except plants have as yet been 
found. These plants occur in fourteen of the beds, namely, in 
two of the clays, and the rest in the lignites. One of the beds is a 
perfect mat of the debris of a coniferous tree, called by Heer Sequoia 
CouttsuB, intermixed with leaves of ferns. The same Sequoia 
is spread through all parts of the formation, its cones, and seeds, 
and branches of every age being preserved. It is a species supplying 
a link between S. Langsdorfi (see figs. 201, 202. p. 260, 261.) and S. 
Sternbergi^ the widely spread fossil representatives of the two living 
trees S. sempervirens and S. gigantea (or Well in g ton ia), both con- 
fined in the living creation to California. Another bed is full, of 
the large rhizomes of ferns, while two others are rich in dicotyle- 
donous leaves. In all Professor Heer enumerates forty-nine species 
of plants, twenty of which are common to the Miocene bed of the 
Continent, a majority of them being characteristic of the Lower 
Miocene. The new species, also of Bovey, are allied to plants of 
the older Miocene deposits of Switzerland, Germany, and other 
continental countries. The grape-stones of two species of vine occur 
in the clays, and the leaves of three species of fig, seeds also sup- 
posed to belong to three new species of Nyssa, or Tupelo tree, a 
genus now common in the swamps of South Carolina and Florida, 
two species of Annona, and a new water-lily. The oak and laurel 
have supplied many leaves. Of the triple-nerved laurels three or 
four are referred to Cinnamomum. There is a palm also, of wljich 
the genus is not determined. Among the Proteaceae are mentioned 
Dryandroides Hakecefolia (fig. 198.), Z). Banksiafolia, and another. 
Among the ferns is the well-known continental fossil Lastrtsa 
sHriaea (fig. 203, p. 26L), displaying at Boyey as in Switzerland its 
fructification. 

The croziers of some of the young ferns are very perfect, and 
were at first mistaken by collectors for shells of the genus Planorlns* 
On the whole, the vegetation of Bovey implies the existence in 
Devonshire, in the Lower Miocene period, of a sub-tropical climate* 

Scotland. — Isle of Mull. — In the sea-cliffs forming the head- 
land of Ardtun, on the west coast of Mull, in the Hebrides, several 

♦ Phil Trana, 1863. Paper by W. Pengeliy, FJkS., and Dr. Oswald ilecr* 
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band* of tertiary strata containing leaves of dicotyledonous plants 
were discovered in 1851 by the Buke of Argyle.* From his de- 
scription it appears that there are three leaf-beds, varying in thick- 
ness from 1^ to 2^ feet, which are interstratified with volcanic tuff 
and trap, the whole mass being about 130 feet in thickness. A 
sheet of basalt 40 feet thick covers the whole ; and another columnar 
bed of the same rock, 10 feet thick, is exposed at the bottom of the 
cliff. One of the leaf-beds consists of a compressed mass of leaves 
unaccompanied by any stems, as if they had been blown into a 
marsh where a species of Equketum grew, of which the remains are 
plentifully embedded in clay. 

It is supposed by the Duke of Argyle that this formation was 
accumulated in a shallow lake or marsh in the neighbourhood of a 
volcano, which emitted showers of ashes and streams of lava. The 
tufaceous envelope of the fossils may have fallen into the lake from 
the air as volcanic dust, or have been washed down into it as mud 
. from the adjoining land. Even without the aid of organic remains 
we might have decided that the deposit was newer than the chalk, 
for chalk flints containing cretaceous fossils were detected by the 
Duke in the principal m^iss of volcanic ashes or tuff.f 

The late Edward Forbes observed that some of the plants of this 
formation resembled those of Croatia, described by Unger, and his 
opinion has been confirmed by Professor Heer, who found that the 
conifer most prevalent was the Sequoia Langsdorjii (figs. 201, 202.), 
also Cnrylus grosse-denlatay a Lower Miocene species of Switzerland 
and of Menat in Auvergne, There is likewise a plane tree, the 
leaves of which seem to agree with those of Platanus aceroides (fig. 
187. p. 252.), and a fern which is as yet peculiar to Mull, Filicites 
hehridica^ Forbes. 

These interesting discoveries in Mull naturally raise the ques- 
tion, whether the basalt of Antrim in Ireland, and of the cele- 
brated Giant’s Causeway, may not be of the same age. For in 
Antrim the basalt overlies the chalk, and the upper mass of it 
covers everywhere a bed of lignite and charcoal, in which wood, 
with the fibre well preserved, and evidently dicotyledonous, is en- 
closed. The general dearth of strata in the British Isles, inter- 
mediate in age between the formation of the Eocene and Pliocene pe- 
riods, may arise, says Professor Forbes, from the extent of dry land 
which prevailed in that vast interval of time. If land predominated, 
the only monuments we are likely ever to find of Miocene date are 
those of lacustrine and volcanic origin, such as the Bovey Coal in 
Devonshire, the Ardtun beds in Mull, or the lignites and associated 
basalts in Antrim. 


* Quart. Grco!. Journ., 1851, p. 89. 


t Ibid. p. 90. 
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Mayence basin, — An elaborate description has been published by 
Dr. F. Sandberger of the Mayence tertiary area* which occupies a 
tract from five to twelve miles in breadth* extending for a great 
distance along the left bank of the Rhine from Mayence to the 
neighbourhood of Manheim, and which is also found to the east, 
north, and south-west of Frankfort. M. de Koninck, of Liege, first 
pointed out to me that the purely marine portion of the deposit con- 
tained many species of shells common to the Kleyn Spawon beds, 
and to the clay of Rupelmonde, near Antwerp. Among these he 
mentioned Cassidaria depressa, Tritonium*argutumj Brander (T. 
Jlandricum^ De Koninck), Tornatella simulatay Aporrhais Sower by 
Leda Deshayesiana 170. p. 235.), Corbula pisum{^g. 171.), and 
Pectunculus terebratularis. 

First, in the neighbourhood of the above-mentioned strata of the 
Mayence basin are the sands of Eppelsheim, containing Dinotherium 
giganieum^ and other Falunian or Upper Miocene quadrupeds. 
Next, the uppermost part of the Mayence series consists of what is 
called the Littorinella Limestone, which contains among other mam- 
malia Hippotherium gracile, Acerotherium (or Rhinoceros) mcisivum^ 
Paleomeryx^ and Chalicomys^ all indicating a Lower Miocepe fauna. 

The shell (fig. 177.) from which the above-mentioned limestone is 
named much resembles the recent Littorinella (or Rissoa) ulva. Each 
shell is like a grain of rice in size, and they are often in Fig.177. 
such quantity as to form entire beds of marl and limestone, 
in stratified masses from fifteen to thirty feet in thickness, 
just as In the Baltic modern accumulations several feet 
thick of the Littorinella ulva are spread far and wide over 
the bottom of the sea. In the same beds, several species 
of Dreissena abound, a form common to the Headon or 
Upper Eocene beds of the Isle of Wight, as well as to the existing 
seas. 

Among the plants obtained by M. Ludwig from argillaceous strata 
of the Littorinella limestone series, are many v/hich have a wide 
range in the Miocene period, but two of them, says Heer, viz. 
Dryandroides Banksiafolia and D, arguta, are characteristic of the 
Lower Miocene, or of beds below the faluns or Marine Molasse of 
Switzerland. 

Next below are marls containing Cyrena semistriata^ Cerithium 
plicatum^ C, margaritaceum^ and C. LamarckiL* These marls, with 
the underlying clays containing Leda Deshayesianay are regoi'ded 
as the Rupelian of Dumont, while the shell-bearing sands of Weiii- 
heim, near Alzey, are supposed to be somewhat older, and the 
equivalents of the Grfes de Fontainebleau. 

Upper Miocene beds of the Vienna basin, — In South Germany the 
geneiil resemblance of the shells of the Vienna tertiary basin with 

• Sandberger Bulletin, tom. xvii. p. 153. 1860- 
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tlK>sc of the faloBS of Touraine has long been acknowledged. In 
Dr. Hornes* excellent work on the fossil mollusca of that formation, 
we see accurate figures of many shells, clearly of the same species 
as those found in the falunian sands of Touraine. 

According to Professor Suess, the roost ancient and purely marine 
of the Miocene strata in this basin consist of sands, conglomerates, 
limestones, and clays, and they are inclined inwards or from the 
borders of the trough towards the centre, their outcropping edges 
rising much higher than the newer beds, whether Miocene or 
Pliocene, which overlie them, and which occupy a smaller area at an 
inferior elevation above the sea. M. Hornes has described 500 
species of gasteropods,^^ of which he identifies one-fifth with living 
species of the Mediterranean, Indian, or African seas, but the propor- 
tion of existing species among the lamelli-branchiate bivalves exceeds 
this average. Among many univalves agreeing with those of Africa 
on the eastern side of the Atlantic are Cyprcea safiguinolenta, Buc~ 
cinum lyratum^ and Oliva Jlammulata. In the lowest marine beds 
of the Vienna basin the remains of several mammalia have been 
found, and among them a species of Dinotherium, a Mastodon of the 
Trilophodon family, a Rhinoceros (allied to i?. megarhinus^ Christol), 
also Listriodon, Meyer (of the hog tribe), and a carnivorous animal of 
tlie canine family. 

The Helix turonensis (fig. 45. p. 30.), the most common land-shell 
of the French faluns, accompanies the above. In a higher member 
of the Vienna Miocene series are found Dinotherium giganteum^ 
Mastodon longirostris^ Rhinoceros Schleierm acker i^ Acerotherium 
incisivnm^ and Hippotherium gracile, all of them equally characteristic 
of an Upper Miocene deposit occurring at Eppelsheim ki Hesse 
Darmstadt, above alluded to. M. Alcide d*Orbiguy has shown that 
the foraminifera of the Vienna basin differ alike from the Eocene and 
Pliocene species, and agree with those of the faluns, so far as the 
latter are known. Among the Vienna foraminifera, the genus Am- 
phistegina (fig. 178.) is very characteristic, and is supposed by 


Fig. 178. 



Ampkiitegina Uauerina^ D’Orb. Upper Miocene strata, Vienna. 


D’Archiac to take the same place among the Rhizopods of the 
Upper Miocene era which the Nummulites occupy in the Eocene 
period. 

The flora of the Vienna basin exhibits some species which have a 
general range through the whole Miocene period, such as Cinna- 
tnomum polymorphum (fig. 188.), and another species, (7. Scheuchzeri^ 
^J^tamera Richardi^ Mich. (fig. 205.), Liquidambar europeeum 


Ch. XIVJ 1X)WER MIOCEXE BED8 OF CROATIA. 


243 


(fig., 160.), Juglans bilinica^ Cassia ambigua^ and C. ligniium. With 
these are also found one or two Older Miocene forms, together with 
some of the Upp6r Miocene plants of CEningen in Switzerland, such 
as Platanus aceroides (fig. 1B7.), Myriea vinddbonensiSy Heer, ^c. 

Lower Miocene beds of Croatia. — The Brown Coal of Radaboj, near 
Angram in Croatia, not far from the borders of Styria, is covered, 
says Von Buch, by beds containing the marine shells of the Vienna 
basin, or in other words, by Upper Miocene or Falunian strata. 
They appear to correspond in age to the Mayence basin, or to the 
Rupelian strata of Belgium. They have yielded more than 200 
species of fossil plants, of which Professor Unger has given an 
admirable description. They are well preserved in a hard marlstone, 
and contain several palms ; among them the Sabnl, fig. 197. p. 257. 
and another genus allied to the date-palm Phcenicites spectabilis. 
Among the fossils of the same marls we also find a fern, which 
will be mentioned in the next chapter (fig. 195. p. 256.), called 
Woodwardia Rossneriana, The only abundant plant among the 
Radaboj fossils which is characteristic of the Upper Miocene 
period is the Populus mutahilisy whereas no less than fifty of the 
Radaboj species are common to the more ancient flora of the Lower 
Molasse of Switzerland. 

The insect fauna is very rich, and, like the plants, indicates a more 
tropical climate than do the fossils of CEningen presently to be men- 
tioned. There are ten species of Termites, or white ants, some of 
gigantic size, and large dragon-flies with speckled wings, like those of 
the Southern States in North America ; there are also grasshoppers of 
considerable size, and even the Lepidoptera are not unrepresented. 
In one instance, the pattern of a butterfly’s wing has escaped oblitera- 
tion in the marlstone of Radaboj ; and when we reflect on the remote- 
ness of the time from which it has been faithfully transmitted to uh, 


Fig. 179. 



Vanetta Pluto i nat. size. Lower Miocene, Radaboj, Croatia. 


this fact may ^inspire the reader with some confidence as to the re- 
liable nature of the characters which other insects of a more durable 
texture, such as the beetles, may afford for specific determination. 
The Vanessa above figured retains, says Heer, some of its €o|pars, 
and corresponds with V. Hadena of India. 
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Hie lignites called Brown Coal in Germany belongs for the most 
part, to the Lower Miocene epodi. Among dbese may be mentioned 
those of the Siebengebirge, near Bonn, which are associated with 
volcanic rocks. 

Professor Beyrich, in his important Memoirs on the Tertiary 
Strata of the North of Germany/’* has made known to us the exist- 
ence of a long succession of marine strata which lead, by an almost 
gradual transition, from the Sternberg beds (see above, p. 236.), 
approaching in age to the faluns of the Loire, to others agreeing 
in date with the Lower Tongrian of Dumont, already mentioned, 
p. 234., as the base of the Miocene. In conformity with the method 
which I formerly adopted, he has appropriated the term Miocene 
exclusively to the faluns of Touraine and strata of that age ; but for 
all the formations below that level, as far down as the Uppermost 
Eocene, he has proposed the new term of Oligocene. The Sternberg 
beds are called Upper Oligocene; the next five groups, to which those 
of the Mayence basin, amongst others, belong, as well as the Calcaire 
de la Beauce and Fontainebleau Sandstone, are named Middle Oligo- 
cene while the Egeln beds and some North German Brown Coals of 
the age of the LowerTongrianof Dumont are called Lower Oligocene. 
The difficulty of drawing a boundary line between these last forma- 
tions and the Eocene is precisely the same as that of separating the 
Lower Miocene and Eocene (as defined in the preceding chapters) in 
France and Belgium. After full consideration, it seems to me most con- 
venient to accept the classification so long adopted by many writers, 
which places the gypsum of Montmartre as the uppermost of the 
Eocene subdivisions ; and if it can be demonstrated that any part of 
the Tongrian of Dumont, or of the German strata classed by Beyrich as 
Lower Oligocene, is strictly contemporaneous with the Paris gypsum 
or the Bembridge strata of the Isle of Wight, I should then separate 
them from the Lower Miocene, and consider them as Upper Eocene. 
We are now arriving at that stage of progress when the line, wherever 
it be drawn, will be an arbitrary one, or one of mere convenience, as 
I shall have an opportunity of showing when the Upper Eocene forma- 
tions in the Isle of Wight are described in the sixteenth chapter. 

Miocene strata of Italy , — We are indebted to Signor Michelotti 
for a valuable work on the Miocene shells of Northern Italy. Those 
found in the hill called the Superga, near Turin, have long been 
known to correspond in age with the faluns of Touraine, and they 
contain so many species common to the Upper Miocene strata of 
Bordeaux as to induce M. Tournouer to conclude that there was a 
free communication between the northern part of the Mediterranean 
and the Bay of Biscay in the Upper Miocene period. In the hills 
of which the Superga forms a part there is a great series of Tertiary 
strata which pass downwards into the Lower Miocene* Even in the 
Superga itself there are some fossil plants which, according to Heer, 

* Ahhandlungen der Konigl. Acad. d«r Wissen. zu Berlin, 1855, and ibid. 
1858, p. 59. 
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have never been found in Switzerland to high at the Marine Mblatte, 
such as Banksia kmgifolia, and Carpinus grandisJ* In several parts 
of the Ligurian Apennines, as at D4go and Carcarc, the I^wer 
Miocene appears, containing some nummulites, and at Cadibona, 
north of Savona, fireshwater strata of the same age occur, with dense 
beds of lignite enclosing remains of the Anthracotherium magnum 
and A. minimum^ besides other mammalia enumerated by Gastaldi. 
In these beds a great number of the Lower Miocene plants of Switz- 
erland have been discovered. 

Upper Miocene formations of Greece, — At Pikerm6, near Athens, 
MM. Wagner and Roih have described a deposit in which they 
found the remains of the genera Mastodon^ Dinotherium^ Hipparion, 
Antelope^ two Giraffes^ and others, some living and others extinct 
With them were also associated fossil bones of the SemnopithecuSy 
showing that here, as in the South of France, the quadrumana were 
characteristic of this period. The whole fauna attests the former 
extension of a vast expanse of grassy plains where we have now 
the bfoken and mountainous country of Greece — plains which were 
probably united with Asia Minor, spreading over the area where the 
deep Egean Sea and its numerous islands are now situated. 

* Becherches sur le Climat et la Vegetation du Pays Tertiaire, par Oswald 
Heer. 1861. 



246 


MIOCENE STRATA OP SWITZERLAND. [Ch, XV. 


CHAPTER XV. 

MIOCENE FORMATIONS — continued, 

Miocene strata of Switzerland — Upper Miocene beds of (Eningen — Importance 
of Fossil Plants — Hecr’s work on the Swiss Miocene flora — Plants and insects 
of (Eningen embedded in different seasons— Fossil fruits and flowers, as well as 
leaves — Middle or Marine Molasse of Switzerland - Lower Molasse, or Lower 
Miocene — Dense conglomerates and proofs of subsidence — Fossil plants of 
Lower Miocene period more tropical — Preponderance of arborescent species — 
Supposed discordance in relative numbers of living species of plants and shells 
in Upper Miocene formations — Theory of a Miocene Atlantis— Whether the 
American plants abounding in the Miocene of Europe migrated by a westerly 
or an easterly route — Objections derived from depth and width of the Atlantic 
— Arguments in favour of a Trans-Asiatie migration — Miocene fossils of 
Oregon — Agreement of Miocene corals of the West Indies and Europe opposed 
to the theory of an Atlantic Continent — Upper Miocene formations of India — 
8ub-Himalayau or Siwalik Hills— Older Pliocene and Miocene formations in 
the United States of America. 

MIOCENE STRATA OF SWITZERLAND. 

Upper Miocene beds of (Eningen, — The faluns of the Loire first 
served, as already stated (p. 210.), as the type of the Miocene forma- 
tions in Europe. They yielded a plentiful harvest of fossil shells 
and zoophytes, but were entirely barren of plants and insects. In 
Switzerland, on the other hand, deposits of the same age have been 
discovered, remarkable for their botanical and entomological trea- 
sures. 

We are indebted to Professor Heer of Zurich for the description, 
restoration, and classification of more than 900 species of these fossil 
plants, the whole of which he has illustrated by excellent figures 
in his “ Flora Tertiaria HelvetiaE^.” * In this great work he has 
achieved for the botany of the Tertiary formations what his 
distinguished predecessor, Adolphe Brongniart, had done for the 
fossil plants erf the Primary and Secondary rocks. MM. Unger 
and Goppert, by their able descriptions of the plants of the Brown 
Coal of Germany, had already prepared the minds of geologists 
to expect that botany would one day play almost as important a 

* This work, in three vols., containing climate of the Swiss Miocene strata 

1 55 folio plates of fossil plante, was pub- appeared in 1862, edited by Prof. Heer 
lished at Winterthur in 1856-9, and a and M. Charles-Th. Gaudin, entitled 
French translation of those chapters ** Recherches sur le Olimat et la Vege- 
which relate to the geology, botany, and tation du Pays Tertiaire.” 
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part as conchology in enabling us to identify and classify the middle 
tertiary strata. But no small scepticism had always prevailed 
among botanists of the highest attainments as to whether fossil re- 
mains of the vegetable kingdom could ever afford sufficient data tor 
determining the species, or even the genera or families, of plants of 
which nothing but the leaves are embedded in the rocks. In truth, 
before such remains could be rendered available, a new science had 
to be created. It was necessary to study the outlines, nervation, 
and microscopic structure of the leaves with a degree of care which 
had never been called for in the classification of living plants, where 
the flower and fruit afforded characters so much more definite and 
satisfactory. As geologists, we cannot be too grateful to those who, 
instead of despairing when a task of such difficulty was presented 
to them, entered with full faith and enthusiasm into the new and un- 
explored field. That they should frequently have fallen into errors 
was unavoidable, but it is remarkable, especially if we enquire into 
the history of Professor Heer’s researches, how often early con- 
jectures as to the genus and family founded on leaves alone were 
afterwards confirmed when fuller information was obtained, as, for 
example, when the fruit, and in some instances both I'ruit and 
flower, were found attached to the same stem as the leaves which 
had been first described. Nor should we forget that wlien a 
skilful botanist has devoted his powers of discrimination to tlie 
classification of the leaves according to their forms, veining and 
minute or microscopic structure, he may afford the most important 
palifiontological assistance to the geologist, even if he happen to 
make some erroneous guesses as to the generic or even ordinal 
affinities of the plants in question. His power of recognizing the 
same identical fossil in two distant places or two distinct formations 
may settle a disputed point in chronology, where there is no other 
evidence at hand, and the conclusions drawn from such data as to 
the relative age of the beds have often held good, even when it 
was afterwards proved that several species, or even genera, had 
been constructed out of the leaves of the same plant, or that the 
fruit and leaves of one and the same tree had been referred to genera 
of distinct families. 

The Miocene formations of Switzerland have been called Molasse^ 
a term derived from the French moly and applied to a softy incoherent, 
greenish sandstone, occupying the country between the Alps and 
the Jura. This molasse comprises three divisions, of which the 
middle one is marine, and being closely related by its shells to the 
faluns of Touraine, may be classed as Upper Miocene. The two 
others are freshwater, the upper of which may be also grouped with 
the faluns, while the lower must be referred to the Lower Miocene, 
as defined in the last chapter. 

The upper freshwater Molasse may first be considered. It is best 
seen at (Eningen, in the valley of the Rhine, between Constance and 
Schaffhausen, a locality celebrated for having produced in the year 
I7()0 the supposed human skeleton called by Scheuchzer “homo 



348 


UPPEE MIOCEinS OF SWITZEELAKO. 


[Ch. XV. 


rii a fosail afterwarda demonstrated by Cuvier to be a 

reptile, or aquatic salamander, of larger dimensions than even its 
great living representative the salamander of Japan. 

The CEningen strata consist of a series of marls and limestones, 
many of them thinly laminated, and which appear to have slowly 
accnmulated in a lake probably fed by springs holding carbonate of 
lime in solution. 

The elliptical area over which this freshwater formation has been 
traced extends, according to Sir Roderick Murchison, for a distance 
of ten miles east and west from Berlingen, on the right bank of the 
river to Wangen, and to CEningen, near Stein, on the left bank. 
The organic remains have been chiefly derived from two quarries, 
the lower of which is about 550 feet alwve the level of the Lake of 
Constance, while the upper quarry is 150 feet higher. In this last, 
a section thirty feet deep displays a great succession of beds, most of 
them splitting into slabs and some into very thin laminae. Twenty- 
one beds are enumerated by Prof. Heer, the uppermost a blueish- 
grey marl seven feet thick, without organic remains, resting on a lime- 
stone with fossil plants, including leaves of poplar, cinnamon, and 
pond-weed {Potamog€ton\ together with some insects ; while in the 
bed No. 4., below, is a bituminous rock, in which the Mastodon an- 
gustidens^ a characteristic Upper Miocene quadruped, has been met 
with. The 5th bed, two or three inches thick, contains fossil fish, e.g. 
Leuciscus (roach), and the larvae of dragon-flies, with plants such as 
the elm ( and the aquatic Chara. Below this are other plant- 

beds; and then, in No. 9., the stone in which the great salamander 
{Andrias Scheuchzert) and some fish were found. Below this, other 
strata occur with fish, tortoises, the great salamander before al- 
luded to, freshwater mussels, and plants. In No. 16. the fossil fox 
of CEningen, Galecynus (Eningensis^ Owen, was obtained by Sir R. 
Murchison. To this succeed other beds with mammalia {Lagomys)^ 
reptiles {Emys\ fish, and plants, such as walnut, maple, and poplar. 
In the 19th bed are numerous fish, insects, and plants, below which 
are marls, of a blue indigo colour. 

In the lower quarry eleven beds are mentioned, in which, as in 
the upper, both land and freshwater plants and many insects occur. 
In the 6th, reckoning from the top, many plants have been obtained, 
such as Liguidambar, Daphnogene^ Podogonium, and Elm, together 
with tortoises, besides the bones and teeth of a ruminant quadruped, 
named by H. V. Meyer Pakomerycs eminens. No. 9. is called the insect 
bed, a layer only a few inches thick, which, when exposed to the frost, 
splits into leaves as thin as paper. In these thin laminae plants such 
as Liquidambar, Daphnogtne, and Glyptostrobus occur, with innu- 
merable insects in a wonderful state of preservation, usually found 
singly. Below this is an indigo-blue marl, like that at the bottom of the 
lugher quarry, resting on yellow marl ascertained to be at least thirty 
feet thick. 

All the above fossil-bearing strata were evidently formed with 
extreme slowness. Although the fossiliferous beds are in the aggre- 
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gate, not more than a few yards in thickness, and hare only been 
examined in the small area comprised in the two quarries just 
alluded to, they give us an insight into the state of animal and vege- 
table life in part of the Upper Miocene period, such as no other 
region in the world has elsewhere supplied. In the year 1859, Prof. 
Heer had already determined no less than 47d species of plants and 
900 insects from these CEningen beds. He supposes that a river 
entering a lake floated into it some of the leaves and land -insects, 
together with the carcases of quadrupeds, such as the great Masto- 
don. Occasionally, during tempests, twigs and even boughs of trees 
with their leaves were torn off and carried for some distance so as to 
reach the lake. Springs, containing carbonate of lime, seem at some 
points to have supplied calcareous matter in solution, giving origin 
locally to a kind of travertin, in which organic bodies sinking to the 
bottom became hermetically sealed up. The laminae, says Heer, 
which immediately succeed each other were not all formed at the 
same season, for it can be shown that, when some of them originated, 
certain plants were in flower, whereas, when the next of these layers 
was produced, the same plants had ripened their fruit. Tins infer- 
ence is confirmed by independent proofs derived from insects. The 
principal insect-bed is rarely two inches thick, and is composed, says 
Heer, of about 250 leaflike laminae, some of which were deposited 
in the spring, when the Cinnamomum polymorphum (p. 252.) was 
in flower ; others in summer, when winged ants were numerous, and 
when the poplar and willow had matured their seed $ others, again, 


Fig. 180. 



Fig. 181. 



Podogonium Knorrii. tipper Miocene of CEningen and manf parts of Germany. 

Fig. 180. Restoration of the plant by Professor Heer. Frontispiece, Flora Tert. Hel. | nst. size. 
a. branch bearing flowers before the leares appear. b, bfanch with leaves and ripe fl'uit. 

Fig. 1S1. a. Pod of P. AnorriY. CEningen. | uat. size. c, Formica lignilum. 

b. Leaf of gramineous plant. d. Hister OfproiUhorum. 

Heer, PI. 134. fig. 26. 


in autumn, when the same Cinnamomum polymorphum (fig. 188.) 
was in fruit, as well as the liquidambar, o%k, clematis, and many 
other plants. 

The ancient lake seems to have had round its borders a belt of 
poplars and willows, countless leaves of which became embedded in 
the mud. Together with them, at some points, a species of reedf 
Arundo\ %a8 very common. 
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One of the most characteristic shrubs is a papilionaceous and 
leguminous plant of an extinct genus, called bj Heer Podogonium^ 
of which two species are known. Entire twigs have been found 
(a, fig. 180.), with flowers, and always without leaves, the flowers 
having evidently come out, as in the poplar and willow tribe, before 
any leaves made their appearance. Other specimens have been 
obtained with ripe fruit accompanied by leaves, as shown in the 
branch fig. 180. In some specimens are seen the embryo and 
cotyledons, in others the calyx and young fruit. The leaves resemble 
those of the tamarind, but each pod contains only a single seed, 
whereas the pod of the tamarind, an allied genus, contains many 
seeds. 

In fig. 181. we see a ripe seed-vessel of this plant, and on the same 
thin slab a winged ant, c, Formica lignitum^ Heer. Another species 
of ant, also with wings, has been found associated with the same 
Podogonium in fructification, from which fact Professor Heer con- 
cludes that it ripened its seed in summer, at which season alone 
swarms of perfect male and female ants, having their wings fully 
developed, make their flights. Such, for example, is the habit of the 
living Formica herculeana, which comes very near to F, lignitum. 
In the same slab, at c?., is a portion of a beetle of the genus Hister. 

The Upper Miocene flora of GEningen is peculiarly important, in 
consequence of the number of genera of which not merely the leaves, 
but, as in the case of the Podogonium just mentioned, the fruit also 
and even the flower are known. Thus there are nineteen species of 
inaifle, ten of which have already been found with fruit. Although 



Acer tfilobatum, nonnal form. Heer, Flora Tert. Helv., pi, 1 14. fig. 2. Slase | diam. 
(Part only of the long stalk of the original fossil specimen is here given.) 
Upper Miocene, (Eningeu ; also found in Lower Miocene of Switzerland, 


in no one region df the globe do so many maples now flourish, we 
need not suspect Professor Heer of having made too many species in 
this genus when we consider the manner in which he has (Jealt with 
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one of them, Acer trilodatum^ figs. 182, 183. 185. Of this plant the 
number of marked varieties figured and named is very great, and no 
less than three of them had been considered as distinct species by other 
botanists, while six of the others might have laid claim, with nearly 
equal propriety, to a like distinction. The common form, called Acer 
trilobatum^ fig. 182., may be taken as a normal representative of tho 
CEningen fossil, and fig. 183. as one of the most divergent varieties, 
having almost four lobes in the leaf instead of three. 


Fig. 183. 



Acer tritobatum. 

a. abnormal variety of leaf. Heer, PI. 110. fig. If). 

b. flower and bracts, normal form. Heer, PI. 111. fig. 21. 

c. half a seed«ves»el. Heer, Pi. 111. flg. b. 


Fig 184. Pig. 18r). 



Fig. 184. Acer rubrum^ L. 
Living In N. America. 

Heer, PI. 111. fig. 22. ; natural size, 
a. the carpels. 


Fig. 185. Acer tnlobatum.' 
Fossil, (Eningen. 

Heer. PI. l.-^S. fig. 9. ; natural size. 
c. three petals of the corolla. d. calyx. 


Fig. 186. Acer trilobatum. 
b, the two carpels. Heer, PI. 111. fig* 


We have a remarkable example in fig. 185. of the preservation of 
the female flower, enabling the botanist to recognize the resemblance 
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between the petals of the Miocene species and those of the living 
Acer rubrumj fig. 184.* 

In like manner the fossil specimen, fig, 186. 5, shows how much 
more pointed were the winged appendages of the seed-vessels than 
are those of the most nearly allied living species, fig. 184. a. 

Among the genera which abounded in the Miocene period in Eu- 
rope is the plane-tree, Platanus, the fossil 
species being considered by Heer to come 
nearer to the American P, occidentalis than 
to P. orienialis of Greece and Asia Minor. 
In some of the fossil specimens the male 
flowers are preserved. Among other points 
of resemblance with the living plane-trees, 
as we see them in the parks and squares 
of London, fossil fragments of the trunk 
are met with, having pieces of their bark 
peeling ofiT. 

No leaves of the *beech-tree or of the 
chestnut have yet been found in any Mio- 
cene strata of Switzerland, although in 
formations of the same age in Germany, 
leaves of one of them, namely, the beech, 
have been detected. Many species of the laurel tribe characterize 
the flora both of the Upper and Lower Miocene strata in Switzer- 
land and Germany, especially the cinnamon (see fig. 188.). The 
leaves of this genus are easily recognizable, and often serve as useful 
guides to the geologist. The fruit also and the flower are found at 
CEuingen. 


Fig, 187. 



Platanus aerrouft'S. G6pp 
Heer, PJ. 8S. fig*. ft-S. 

SiKe| diam. Upper Miocene, 
(Enin geti. 

a. leaf. 

ft. tlie core of a bundle of pericarp*. 
c. tingle fruit or pericarp, nat. *ite. 


Fig. 188. 


Cinnamomum polsfmorpkum. Ad. Brong. 
a. leaf. 

d, flower, nat. aiae. Heer, PI. 93. fig. 28. 
Ui^r and Lower Miocene. 


Fig. 189. 


■6 


tf. ripe fruit of Ctnnamomtifn polymorphum^ 
from (Eningen. Heer, PI. 94. fig. 14. 
b. fruit of recent Cinnamonmsn camphora of 
Japan. Heer, PI. 152. fig. 18. 




Professor Heer observes that the fruit in the fossil, fig. 189. a, is 
more oval in shape than that of the recent Japanese plant, C. cam- 
phora^ 6, fig. 189., which comes nearest to it, and that the peduncle is 
not thickened at its upper end as in the living one. 

♦ Heer, voL iii. p. 197. 
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The vine of (Eningen, ViHs ieuionica. Ad, Brong., is of a Nortli 
American type, approaching nearest to ViHs vulpina^ L, ; both the 
leaves and seeds have been found at CEuingen, and bunches of com- 
pressed grapes of the same species have been met with in the Brown 
Coal of Wetteravia in Germany. 

No less than eight species of smilax, a monocotyledonous genus, 
occur at OEningen and in other Upper Miocene localities, the dowers 
of some of them, as well as the leaves, being preserved, as in the case 
of the very common fossil S. sagitHfera, fig. 190. a. 


Fig. 190. 



Smilax sagUtifcra. Heer, PI. 30. fig. 7. Siie ^ diHmeter. 
a, ipaf. b. flower magnified, one of the six petals wanting at Upper Miocene. (Eningen. 
c. Leaf of Smilax obtu*ifoUa, Heer, Pi. 30. fig. 9.; n'a.t. size. Upper Miocene, (Eningen. 

Plants referable to no less than five genera of the order Proteacea* 
have been obtained partly from OEningen and partly from the lacus- 
trine formation of the same age at Lode in the J ura. These five genera 
all of them, except the last, now living in Australia, are the following : 
Banksia, Grevillea, Hakea^ Persoonia^ and Dryandroides, Of Hakea 
both the seed-vessel and the seeds have been obtained, so that they 
can be compared with the recent ; and the dimensions of the fossil 
fruit are similar in size, the difference in d and 6, fig. 191., arising 
from the different scale of reduction (see description of figure). 


Fig. 191. 





Fruit of the fossil and recent species of Hakea, a genus of Proteaceat. 

. leaf nf fossil species, Hakea saticina. Upper Miocene, (Eningen; called Embothrium Vtj 
Heer, PI. 97. fig. 29. 4 diam. 

6. fruit of same, fdlam. c. seed of same. Katural sue. 

d. fruit of living Australian species, Hakea tahgna^ K. Arowu. 4 

e. seed of same. Natural size. 


More will be said of the Proteace® when I treat of the plants of 
the Lower Miocene period, at which era that family was still more 
prevalent in Europe. In the same beds ^t Lode with the Proteace® 
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Fig. 192. 



there occurs a fan palm of the American type Sabal, a genus which 
ranges throughout the low country near the sea from the Carolinas 
to Florida and Louisiana. 

Among the Coniferse of Upper Miocene age is found a deciduous 
cypress nearly allied to the Taxodium distichum 
of N. America, and a Glyptostrohus, fig. 192., very 
like the Japanese G. heterophyllus^ now common 
in our shrubberies. 

It was stated that in the upper quarry at 
OEningen the remains of the Mastodon ancus- 
tidens occur. The association of so characteristic 
a faluiiian fossil with the flora above described 
is important, as helping to settle the true Upper 
ciyptoiftrobutemrop<ms, Mioccne date of thcsc beds. M. Ziegler showed 

museum at Winterthur in Switzerland, 
Miocene, osn'ingen. 1857, two fine Specimens of the skulls and jaws 

of the same species, one young and the other adult, determined by 
Dr. Falconer, which had been found at Veltheim in that neighbour- 
hood, in strata belonging, like the CEningen beds, to the upper fresh- 
water molasse. This formation is there seen to overlie the marine 
falunian beds of Rorbas. In that same molasse the Podogonium 
Knorriiy above described, and Populus latior^ with other charac- 
teristic CEningen plants have been met with. 

Before the appearance of Heer’s work on the Miocene Flora of 
Switzerland, Unger and Gbppert had already pointed out the large 
proportion of living North American genera which distinguished 
the vegetation of the Miocene period in Central Europe. Next in 
number, says Heer, to these American forms at CEningen the Eu- 
ropean genera preponderate, the Asiatic ranking in the third, the 
African in the fourth, and the Australian in the fifth degree. The 
American forms are more numerous than in the Italian Pliocene 
flora, and the whole vegetation indicates a warmer climate, though 
not so high a temperature, as that of the older or Lower Miocene 
period. 

The conclusions drawn from the insects are for the most part in 
perfect harmony with those derived from the plants, but they have 
a somewhat less tropical and less American aspect, the South 
European types being more numerous. On the whole, the insect 
fauna is richer than that now inhabiting any part of Europe. No 
less than 844 species are reckoned by Heer from the CEningen beds 
alone, the number of specimens which he has examined being 5080. 
The entire list of Swiss species from the Upper and Lower Miocene 
together amount to 1322. Almost all the living families of Coleop- 
tera are represented, but, as we might have anticipated from the 
preponderance of arborescent and ligneous plants, the wood-eating 
beetles play the most conspicuous part, the Buprestidae and other 
long-horned beetles being particularly abundant. There are also 
no less than thirty species of those beetles, of which the larvae feed on 
the dung of mammalia, implying, says Heer, the existence of a great 
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many more ruminants in the days of the (Eningen Lake than the 
single one of that class known to us, namely, the Palaomeryx emi- 
nens of Meyer. There were also species of the carrion-feeding 
Silpha; also twenty-four species of water-beetles of the genera 
Dptiscusy Hydrophilus, &c. 

The patterns and some remains of the colours both of Coleoptera 
and Hemiptera are preserved at (Eningen, as, for example, in the 
annexed figure of Harpactor^ in which the antenn®, one of the eyes, 
and the legs and wings are retained. 

The characters, indeed, of many of 
the insects are so well defined as to 
incline us to believe that if this class 
of the invertebrata were not so rare 
and local, they might be more useful 
than even the plants and shells in 
settling chronological points in geo- 
logy.* 

Few of the genera of insects are 
extinct, but many of them imply a 
geographical distribution widely dif- 
ferent from that now obtaining in the 
same part of the world. Thus, for 
example, in this Swiss fauna, there 
were many white ants or Termites, 
and dragon-flies of a South African 
type called Agrion, besides several 
Indian and American forms referable 
to various orders. 

To account for the perfect state of the specimens, Heer supposes 
that the insects which sank to the bottom of the water may liave 
been killed by mephitic gases which rose from the lake, and which 
were connected with the volcanic eruptions of which some of the 
products are seen at Hochgnu, and which are believed by Swiss 
geologists to have taken place in the Upper Miocene period. 

Middle or Marine Molasse {Upper Miocene) of Switzerland. — It 
was before stated that the Miocene formation of Switzerland con- 
sisted of, Ist., the upper freshwater molasse, comprising the lacustrine 
marls of (Eningen ; 2dly, the marine molasse, corresponding in age to 
the faluns of Touraine ; and 3dly, the lower freshwater molasse. 
Some of the beds of the marine or middle ^ries reach a height of 
2470 feet above the sea. A large number of the shells are common 
to the faluns of Touraine, the Vienna basin, and other Upper Miocene 
localities. The terrestrial plants play a subordinate part in the 
fossiliferous beds, yet more than 90 of them are enumerated by Heer 
as belonging to this falunian division, and of these more than halt 

* See Heer*8 beautiful figures and de- Verhandelingen van der Hollandsche 
scriptions of (Eningen beetles, &c;, in the Maatschappij der Wetensch, Ac. Haar- 
Haarlem Transactions, Naturkundige lem, IS 62 . 


Fig. 193. 
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are oommoii to subjacent Lower Miocene beds, while a proportion of 
about 45 in a hundred are common to the overlying CEningen flora. 
Twenty-six of the 92 species are peculiar. 

Lower Molasse (Lower Miocene) of Switzerland. — Next in de- 
scending order comes the Lower Molasse, almost entirely of fresh- 
water origin, of which the Upper division contains 21 1 species of 
plants and the Lower no less than 336 species. The first of these 
two is called in Heer^s work the Mayencien,*’ it being supposed to 
agree in age with the strata of the Mayence basin already described, 
while the lower division is called the “ Aquitanien,” as corresponding 
with some of the older Miocene beds of the South of France. But 
the fossil shells by which these comparisons have been made appear 
to me to be at present too few in number to enable us to place much 
reliance on such identifications. The superposition, however, of the 
Molasse called “ Mayencien” to the lower beds called “ Aquitanien,” 
which last are well seen on the borders of the Lake of Geneva, is 
perfectly clear. 

To the upper group belong the sandy marls of Eriz, in the Canton 
of Berne, in which there are 68 species of plants, half of them common 
to the CEningen strata. Among the North American forms in this 
locality the tulip tree may be mentioned, a species very closely allied 
to the Liriodendron tuUpiferdy L. 

Fig. 194. Fig. 195. 


Woodwardia Hoimeriana, Unger. 

Heer, PI. h. Eri*. Lower l^nocone. 

LmotUiidrm Procacctwi, Unger. a. j^art of a branch. 

Heer, P). 108. fig. 6. Krlx. Lower Miocene, b. part of a leaf magnified, showing the position 

of the sori. 

The most abundant of the associated plants are two species of 
cinnamon, one of them already mentioned as frequent at OEningen, 
C. polymorphum^ fig. 188. Next to these in number come species of 
the dogwood, or Cornus^ of the hornbeam, Carpinus^ and of the buck- 
thorn, Ehamnus. Among the fir-tribe or conil'eras is a Taxodium 
nearly allied to the deciduous cypress, T. distickumy of N. America. 
Professor Goppert considers it the same, but Unger and Heer have 
pointed out diflTerences, showing that it is at least a marked va- 
riety, Among the ferns is found a Woodwardia (see fig. 195.), so 
like the living fV. radicanSy that in spite of the large size and 
some slight differences in the shape of the leaf (a part so ofte'n 
variable in ferns), it may, says Heer, be a question with some botanists 
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whether the fossil does not agree specifically with the recent plant. 
Yet this fern ranges still lower, being also found at Monod, a locality 
to which I shall presently allude. 

Before quitting the plants of this lower division of the molasse, I 
may mention that a fan-palm, Charntprops Helvetica^ (fig. 196.), oc- 
curs at Utznach, in the Canton of St. Gall, in Lower Miocene strata 
somewhat higher in the series than those of Eritz. This genus is 
now South European, Asiatic, and American. 


Fig. 190. 



Chanusropt HeUetwa^ Heer. 

Utstiach, St. Gall. Lower Miocene. (Hecr, Flora 
Fo»«. Helvet., PI. 41.) 


Fig. 197. 



Bahai major ^ Unger ip. Vevay, I.ower 
Miocene. (Heer.Pl. 41.) Genui now 
proper to America. 


The inferior subdivision of the Lower Molasse, called Aquitanian 
in Heer’s work, is best seen on the northern coast of the Lake ot* 
Geneva. The beds consist of sandstone and conglomerate, and 
are nearly 2000 feet thick. The conglomerates are often very un- 
equal in thickness, in closely adjoining districts, as might be expected, 
since in a littoral formation accumulations of pebbles would swell out 
in certain places where rivers entered the sea, and would thin out to 
comparatively small dimensions where no streams or only small ones 
came down to the coast. These old shingle-beds attain in the Rigi, 
and in the mountain called Speer, near Lucerne, a thickness of 5000 
and 7000 feet. 

Nearly the whole of this Lower Molasse is freshwater, yet some of 
the lowest beds contain a mixture of marine and fluviatile shells, the 
Cerithium margaritaceum, a well-known Lower Miocene fossil, being 
one of the marine species. Notwithstanding, therefore, that some of 
these Lower Miocene strata reach an elevatioi^ of 6000 or even 7000 
feet above the sea, the depo.sition of the whole series must have begun 
at or below that level. For ages, in spite of a gradual sinking of the 
coast and adjacent sea-bottom, the rivers continued to cover the 
sinking area with their deltas ; but finally, the subsidence being in 
excess, the sea of the Middle Molasse gained upon the land, and 
marine beds were thrown down over the dense mass of freshwater 
and brackish -water deposit, called the Lower Molasse, which had 
previously accumulated. 

The great change of level above alluded to must be borne in mind 
if we would account fora phenomenon by which geologists have been 
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muoh pnszled ; namelj, the fftct ^t in the ^^nngelflae,** as the eonglo*- 
ineratses are called hy the Swka, pebbles of gneiss, granite, and por« 
phyiy are common, and yet no such rocks now enter into the struc- 
ture of the Alps. Along the original coast-line, when the pebble- 
beds of the Lower Miocene were forming, there may have been hills 
of granite and gneiss more than a thousand feet high, but when the 
subsidence had continued for a long series of years, these would all 
be gradually submerged and covered over by fluviatile sediment 4 
for the effect of a general depression going on at a &ster rate than 
the accumulation of sediment is to cause the shore-line to retreat 
inland, the sea occupying successively old zones of coast. In the 
present period we see at the southern base of the Alps in Italy, hills 
of gneiss and porphyry of moderate height, although rocks of this 
class form at present no part of the chain itself, and. these crystalline 
formations might be submerged and buried under deltas derived from 
the detritus of the higher Alps, if the level of the whole region were 
to be lowered by another great downward movement. 

As I have already stated, the inferior portion of the Swiss Lower 
Miocene, called Aquitanian by Heer, may best be studied on the 
northern borders of the Lake of Geneva between Lausanne and 
Vevay, where the contiguous villages of Monod and Rivaz are 
situated. The strata there, which 1 have myself examined, consist 
of alternations of conglomerate sandstone and finely laminated marls 
with fossil plants. A small stream falls in a succession of cascades 
over the harder beds of puddingstone, which resist, while the sand- 
stone and plant-bearing shales and marls give way. From the latter 
no less than 193 species of plants have been obtained by the exertions 
of MM. Heer and Gaudin, and they are considered to afford a true 
type of the vegetation of the inferior subdivision of the Lower 
Miocene formations of Switzerland — a vegetation departing farther 
in its character from that now flourishing in Europe than any of the 
higher members of the series before alluded to, and yet displaying 
so much affinity to the flora of CEningen as to make it natural for 
the botanist to refer the whole to one and the same Miocene period. 
There are, indeed, no less than 81 species of these Older Miocene 
plants which pass up into the flora of CEningen, and in this number, 
says Heer, are many of those which, by an abundance of individuals 
and by their arborescence, must have constituted a leading feature 
in the forests of that era. 

‘Nearly all the plants at Monod are contained in three layers of 
marl separated by two of soft sandstone. The thickness of the marls 
is ten feet, and vegetable matter predominates so much in some layers 
as to form an imperfect lignite. One bed is filled with large leaves 
of a species of fig {Ficus populina)^ and of a hornbeam {Carpinus 
grandis)^ the strength of the wind having probably been great when 
they were blown into the lake ; whereas another contiguous layer 
contains almost exclusively smaller leaves, indicating, apparently, a 
diminished strength in the wind. Some of the upper beds at Monod 
abound in leaves of Proteacese, Cyperaceae, and ferns, while in some 
of the lower ones SequoiUy Cinnamomumy and Sparganium are 
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comincm. In oii« bed of sandstone the trank of a large palm tree 
was found nnaocompanied by other fossils, and near Yevay, in the 
saneie series of Lower Miocene strata^ the leaves of a palm of the 
genus Sabal were obtained (see dg. 197* p. 257, )« 

Among other genera of the same class is a Flahellaria occurring 
near Lausanne, and a magnidcent J^mnicites allied to the date 
palm. When these plants dourished the climate must have been 
much hotter than now. The Alps were no doubt lower, and the 
palms now found fossil In strata elevated 2000 feet above the sea 
grew nearly at the sea-level, as is demonstrated by the brackish* 
water character of some of the beds into which they were carried by 
winds or rivers from the adjoining coast. 

In the same plant-bearing deposits of the Lower Molasse in 
Switzerland have been found no less than 20 species of Proteaceas, 
an order already spoken of as being well represented in the (Eningen 
beds, though by no means so plentifully as in these Lower Miocene 
strata, and which were still more strikingly predominant in the ante- 
cedent Eocene and in the still more ancient Cretaceous formations. 


FIf . 199. 



Lower Miocene Proteace». 

Fig. 198. a. leaf of Bryandroides Hakete/olia. Lower Miocene. 4' nat. size. Monod, near 
Lausanne. (Heer, PI. 98. Sg. 6.) 

4. small portion of the same magnified. (Heer, PI. 98. fig. 13.) 

Fig. 199. Hakea exulata. Hohen Rhonen, Switzerland. Lower Miocene. Nat. size. (Heer, 
PI. 98. fig. 19.) 

Fig. 200. Dryandra Schrankii, Monod. Lower Miocene. A nat. size. (Heer, PI. 98. 
flg,206.) 

One of the above plants, Dryandra Schrankii^ comes very near to 
D.formosoj R. Brown, a living New Holland species, and is con- 
sidered by Heer as homologous,” but the leaf only of the fossil is 
known. This is one of the species which characterizes all stages of 
the Lower Miocene, and is not found in the Upper. It also occurs 
in Great Britain in the Miocene beds of the Island of Mull, in the 
Hebrides, and in the lignite of Bovey Tracey, in Devonshire. 

The Proteas and other plants of this family now flourish at the 
Ci^ of Good Hope; while the Banksias, and a set of genera distinct 
from those of Africa, grow most luxuriantly in the southern and 
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temperate parts of Australia. They were probably inhabitants, says 
Heer, of dry hilly ground, and the stiff leathery character of their 
leaves must have been favourable to their preservation, idlowing them 
to float on a river for great distances without being injured and then 
to sink, when water-logged, to the bottom. It has been objected by 
some botanists that the fruit of the Proteacese is of so tough and en- 
during a texture that it ought to have been more commonly met 
with, instead of being restricted to a single example like that of the 
Hahea saligna before mentioned (fig. 191. p. 253.) ; but the season of 
fructification in these plants may not have coincided with that of the 
most active sedimentary deposition, and there may be other reasons 
for the absence of the fruit of which we are at present ignorant. 
Some mistakes have certainly been made, and Count Saporta has 
sliown that one plant formerly referred to Dryandroides, and of 
which he discovered the fruit, really belongs to the bog-myrtle, 
or sweet-gale tribe {Myrka), But there is no reason to question 
the general accuracy of the determination of the fossil Proteace®. 
Those of the cretaceous marls of Aix-la-Chapelle were formerly 
disputed, but fortunately the leaves in that case, notwithstanding 
their antiquity, are so much better preserved than any known 
Miocene plants, that their epidermis can bo examined microscopi- 
cally. A leaf from Aix which, from its form and nervation, had been 
referred to the genus Grevillea^ was found, when submitted to this 
test, to have regular and polygonal cellules resembling in shape and 

thickness those of the living G, 
Fis 201 . oleoides of Australia. 

The eight or nine species of fig 
{Ficus\ which are met with at Mo- 
nod and Rivaz, have their nearest 
living analogues in the hotter parts 
of India, Africa, and America. 
Among the Conifer® the Sequoia 
here figured is common at Rivaz, 
and is one of the most universal 
plants in the Lowest Miocene of 
Switzerland, while it also character- 
izes the Miocene Brown Coals of 



Sfqttoia Langtdorjii. Ad. Br. \ natural C-ermany and Certain beds of the 

sisft. RiTAx. near IjAiisaniiA. (H6ttr, PI 21. 'V^pl d*AT*Tin T Tiftvp piillpd 

fig. 4.) Upper imd Lower Mlucene and ^ a iLFDO, Wnicn 1 Iiave CailOQ 

Lower Pliocene. Val d’Arno. Older PlioCCne, p. 195. 


b. foung cone. 


It is an interesting fact that this 
tree should also have been disco- 


vered in the surturbrand or lignite of Iceland, and by Dr. Walker in 
Disco Island, in Greenland, in lat. 70° N. It comes so near to the liv- 


ing S, sempervirens ( Taxodium) of California, that some botanists en- 
tertain doubts whether they may not be varieties of the same species 


As a fossil, its geographical range extends from Greenland, lat. 70® N. 
to Sinigaglia in Italy, lat. 44° N., and in an east and west direc- 
tion from the Hebrides (Isle of Mull) to the Steppe of the Kirghis. 
Sir John Richardson found this same fossil tree on the Mackenzie 
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River, two miles north of its junction with Bear River, lat, 65 "^ N., 
or in about the same parallel as the north of Iceland. 

I am indebted to Prof. Heer for the annexed figure of this North 
American specimen taken from the original. 


Fif . 202. 1 : 



Seqiwia Langidorfii. Fotnil. Mackenzie River, lat. 65° N. 

Sir G. Richardson, Voyage, 1851, vol. L p. 186.; vol. 11. p. 403. 

a. branch with leaves, one year’s growth. 

b. under side of a leaf magnified, showing punctuations as In the living S, sempervirem. 

c. male flpwers. d. carpels of the cone. c. seed. 

Among the ferns met with in profusion at Monod is the Ldstrcea 
stiriaca^ Unger, which has a wide range in the Miocene period from 
strata of the age of CEningen to the lowest part of the Swiss 
molasse. 


Fig. 203. 



Lagtrtea gtiriaca^ Ung. (Heer*s Flora, PI. 143. fig. 8.) 

Natural size. Lower and Upper Miocene, fwitgerland. 

o. specimen from Monod, showmg the position of the fori on the middle of the lartiarjr 
nerves. 

b. more common appearance, where the tori remain and the nerves are obliterated. 

In some specimens, as shown in the annexed figure, the fructifica* 
tion is distinctly seen. 

In the Upper Miocene flora of CEningen already described the 
number of forest trees and evergreen shrubs is very great. Their 
predominance, however, in the period of the Lower Miocene was still 
more marked, and is characteristic of subtropical countries. No less 
than two-thirds of all the ligneous plants were evergreens. 
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Among other fentore# which cause this ^om to resemble that of 
North America is the great abundance of trees of the order Amenta- 
cesB, such as the oak, poplar, alder, birch, willow, hornbeam, plane, Ac. 

The papilionaceous plants, of which there are twenty-four genera, 
are the most abundantly represented of all families, both in the 
Lower and Upper Miocene. But the laurels, of which there are only 
five genera, have contributed roost leaves to the Miocene strata. 
Among these several species of Cinnamomum^ as before mentioned, 
are very conspicuous. 

Besides C. polymorphum^ before figured, p. 252., another species 

also ranges from the Lower to the 
Fig. 204 . Upper Molasse of Switzerland, and is 

very characteristic of different deposits 
of Brown Coal in Germany. It has 
been called Cinnamomum Rossmdss- 
leri by Heer (see fig. 204.). 

This plant is nearly allied to a living 
North Indian species, C. eucalyptoides. 
The leaves, as before mentioned, are 
easily recognized as having two side 
veins, which run up uninterruptedly 
to their point. 

The lowest of the Swiss Miocene 
beds, the sandstone of Ralligen, on 
the Lake of Thun, in which 32 plants 
liave been found, contains no less than 
6 species in common with (Eningen — a 
proportion of 18 in a hundred. Among 
them we find Taxodium, closely allied 
to the deciduous cypress of the Mis- 
“‘s" « P*"®, an arundo, and 
the Proteaccae, Dryandroides lig- 

Germany. nituzKU 

Alleged difference in the degree of affinity of the Upper Miocene 
plants and shells to the living creation. 

Before concluding my remarks on the fossil Flora and Fauna of 
Switzerland, I may say a few words on the embarrassment which 
some geologists have felt in consequence of the alleged anomaly of 
the results derived from the study of the fossil shells as compared to 
the fossil plants and insects. Of the shells of the marine Molasse 
which underlies the freshwater deposit of (Eningen, a fourth or 
more than a fourth have been declared by able concbologists to be 
of species still existing, whereas all the plants and insects have 
been said to diff^ flrom living ones. On looking more closely into 
the evidence, we shall perhaps find that this supposed inconsistency 
disappears. 

Professor Heer, it is true, does not identify any Miocene plants 
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witk living species, but be has enmnerated 72 species which he 
terms ^ homologous,” 40 of them known by their iVuits as well as 
their leaves ; and although he is opposed to the doctrine of traugo 
mutation, he admits that these homologous species are so closely 
allied to the nearest forms now living, that the latter may be their 
lineal descendant^ He cannot, he says, decide whether the varia* 
tion has been brought about by some influence which has been 
exerted continuously for ages, or whether at some given moment of 
past time the old types were struck with a new image.” 

Now the degree of relationship here implied would be at once 
accepted by most naturalists as constituting specific identity. Let 
us suppose that the sessile variety of the common oak, Quercus 
robur, had been only known to us as a fossil from CBningen and not 
as a living form, and that the other living variety, in which the 
flower and acorns are supported on a stalk, was the only form now 
existing. The first of these would, according to the method adopted 
in Professor Herr’s work, rank as an extinct Miocene species ; 
whereas the two forms now co-existing in European forests are 
generally regarded by botanists as mere varieties. That such a 
distinction .would have been made by Heer we are entitled to infer 
from the manner in wliich he has dealt with the fossil specimens of 
a plant called by him Planera Ungeri, To the leaves and fruit of 
this tree, which is allied to the elm, Unger had previously given the 
name of P. Richardiy identifying it with a tree now living in the 


Fig. 205. 





Planera Richardi^ Uoger. i®, Vngeriy H«€r. 

Upper Miocena (Heer, PI. 80., Flora Tert. 1HeIveti«.) 
a. a branch from CEnlngen. b. fruit magnifted. c. leaf, CBologcn. 

Caucasus and Crete ; but Heer had pointed out that in the fossil 
the size of the fruit was larger. When, however, in 1861, the Swiss 
Professor visited with me the rich herbarium of Kew, Dr. Hooker 
showed us a living variety of P. Richardi in which the fruit was 
fully as big as in that of OEningen, so that this last must retain 
Unger’s name, and this example, if there were no other, might 
suffice to warn us; in the present imperfect state of our knowledge 
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BOt to indulge in too positive a belief that all the Miocene species 
have become extinct. 

Oat of the 72 homologoas species above mentioned, 67 are 
phasQOgamous and only 6 cryptogamous ; but it may well be 
doubted whether among the 49 Miocene Cryptogamia described 
in Heer's Flora Tertiaria, a much greater number, perhaps more 
than hal^ might not with propriety have received (provision- 
ally at least) the names of living plants. Heer admits that 

the majority come very near to ex- 
Fig. 206 . isting species, and we know well 

how wide is the geographical range of 
the ferns, and still more of flowerless 
plants of lower grades, such as mosses, 
I A lichens, and fungi, many species of 

** ft * which are cosmopolitan, and therefore 

fjf flb fitted, by their adaptability to vary- 

Jjh conditions, for a long duration in 

Mm cf>^ time. 

leaves of a fossil maple, 
Acei* trilobatuniy already mentioned, 
4 ^ fig. 183. p. 251., a small body is fre- 

resembling the living 
A/wl which grows on maples, 

called by Fries Rhytuma acerinum. 
f tuberculated and crenulated (see 

magnified figure, b). The fossil 

a. part of a loaf of Acfr triiobaium with has made SO deep an indentation on 

the incumbent and subjacent layer of 

b. magnified view of ihe fungu*. marl as to lead Professor Heer to 

(Heer. PL 112.^j^ n^_^Upper Miocene, SOmewhat thicker 

than the living form. Instead, there- 
fore, of treating it as a variety, he has called it R, induratum, under 
which title it helps to swell the list of extinct Miocene species. 

In like manner there is a minute fungus, called by Heer Sphce- 
ria ceutAocarpoideSy which spots the leaves of Populus ovalis at 
GilningeD, very closely resembling the living Sphmria ceuthocarpa 
of Fries. Some botanists would think it very hazardous to 
assign even generic names to such objects, and still more rash 
to decide that the fossil diflered specifically from its living ana- 
logue. 

Another of these fungi forming black spots on the fossil leaves of 
a poplar is proved in like manner to have been a real substance, and 
not simply the efiFect of discolouration, for it has left indentations 
both on the under and overlying layers of marl. To decide that it 
is not a living species would require far ampler data. Some botanists 


are even uncertain whether as much can be said of the Populus 
latior itself of CEningen, on which the fungus grew, and of which 
seven varieties are described by Heer, some of them coming very 
near to the Populus mofUlifera of North America* 
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Similar commenta might be made on tbe long list of homologous 
insects given bj Heer from the l^iocene strata of Switzerland. 
Their specific distinctness from their nearest representatives now 
living might appear to the zoologist in a very different light, accord- 
ing to the state of mind in which he may approach their study. If 
he is reflecting on the fact that all the Upper Miocene mammalia and 
m great majority of the testacea are extinct, and is then endeavouring 
to decide whether a fossil and a recent form, between which there is 
a close affinity, should be regarded as varieties or distinct species, it 
may seem the safest course to incline to tlie latter alternative ; yet, 
by giving a new name to the fossil in doubtful cases, a serious re- 
sponsibility is incurred, as tbe naturalist thereby commits himself to 
an absolute negation of specific identity between such Miocene and 
living insects and plants. If it be right to exercise extreme caution 
in identifying, it is equally important not to separate individuals 
which may really belong to the same species. In spite of the sound- 
ness and general accuracy of the conclusions arrived at by rrofessor 
Heer after such great and conscientious labours, there appears to me 
an inconsistency in one of his results, wliich may have been owing to 
an unwillingness to identify Upper Miocene and living plants. 
When we consult his tabular list of the fossil plants of Switzerland 
we find that a great number of species pass from the Aquitauian 
Flora to that of Q^ningen, which are as distant from each other in 
age as are the Fontainebleau sands from the Faluns of the Loire. 
But scarcely one plant is admitted to have survived the shorter 
interval of time which separated the flora of OEningen from 
our own epoch. I say shorter interval, because, as we have seen, 
p. 215., all the shells of the Fontainebleau sands difier from those 
of the Faluns, whereas a fifth part, and in some cases a third, of the 
shells of falunian deposits are still living. If, therefore, the differ- 
ential characters of the plants had been measured in the same scale, 
and without any bias, it appears to me that since many of them pass 
from a lower to one of the uppermost members of the Miocene group, 
so a still greater number should have been recognized as being com- 
mon to the uppermost Miocene period and the living creation. 

Theory of a Miocene Atlantis , — The Swiss plants of the Miocene 
period have been obtained from a country not exceeding one-fifth 
of Switzerland in area, yet the abundance of species in certain 
genera and families best adapted for preservation in a fossil state is 
so great as to demonstrate that the Miocene jwas richer than the 
modern flora, rich and varied as the latter is well known to be. The 
researches already made imply, according to Heer, that in the phaeno- 
gamous class alone there must have been 3000 Miocene species, and, 
making due allowance and deductions on account of those which are 
limited to certain subordinate members of the Miocene group, and 
which may not all have existed at once, he comes to the conclusion 
that in no equal area in tbe South of Europe (in Lombardy, for 
example, or Sicily) is there now so luxuriant and diversified a vege- 
tation. It exceeded in variety the Southern States of America, such 
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a# Georgia and the Carolmas, and riralled that of tropical countries, 
such a» Jamaica and Bahia. 

The majority of the fossil forms are allied to living species or 
genera, but there are certain extinct types, specific and generic, 
which have a wide range through successive tiers of strata from the 
lowest Molasse up to those of CEningen, and there is a certain unity 
of character stamped on the whole Miocene flora in spite of the 
contrast between that of the uppermost and lowest formations. The 
proofs of a warmer climate, and the preponderance of trees and 
shrubs over herbaceous plants, and the excess of evergreen over 
deciduous species, are characters common to the whole flora, but 
which are intensified as we descend to the inferior deposits. On 
the other hand, the comparative number of American forms, though 
always conspicuous, is somewhat lessened in the lowest beds. The 
living American types, says Heer, are the most prominent ; those of 
Europe are in the second rank ; those of Asia in the third ; Africa 
in the fourth ; and New Holland in the fifth. In Europe it is the 
Mediterranean region which presents the greatest number of analo- 
gous species. In America, the Southern United States, such as 
Louisiana, Florida, Georgia, and the Carolinas ; in Asia, Japan, and 
the countries of the Caucasus and Asia Minor ; in Africa, the small 
islands in the Atlantic, such as the Canaries and Madeira. 

If we consider not simply a mere list of species but those plants 
which would constitute the mass of the vegetation, the European part 
of the fossil flora is thrown still more in the background, and the 
foreground is occupied by America with its numerous evergreen 
oaks, maples, poplars, planes, Liquidambar, Robinia, Sequoia, Tax- 
odium, and temate-leaved pines, and Japan with its many camphor 
trees and glyptostrobus, the Atlantic Islands with their laurels, and 
Asia Minor with its planera and Fopulus mutabilis.* During the 
Miocene period in Europe, there was a singular coexistence of 
generic types of plants which are now peculiar to America, or to 
Asia, or to Africa, or Australia ; in a word, to parts of the globe ex- 
tremely distant from each other. This fusion of the characters now 
belonging to distinct botanical provinces becomes more marked as 
we go back to the Lower Miocene formations, and will be found to 
be still more strikingly exemplified in the antecedent Eocene and 
Cretaceous periods. In the Lower Miocene formations of Central 
Europe the climate seems to have been not only hotter but more 
uniform and humid, and this humidity would favour the formation of 
beds of L'gnite^ such ae constitute the Brown Coal of Germany. 

The large number of American genera in the Miocene flora 
induced Unger to suggest that the present basin of the Atlantic 
was occupied by land, over which the Miocene plants could pass 
freely, and this hypothesis has been enlarged and advocated with 
great ability by Heer. It seems at the first glance to derive much 
support from the fact that it is the Eastern or Atlantic side of North 


* Heer and Qandin, p 50. 
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America^ or that which is nearest to £arope» which [iresents the 
greatest namber of vegetable forms analogous to the Miocene flora. 
But Dr. Asa Gray* following up a hint thrown out by Mr. Ben- 
tham. has argued with great force that it is far more probable that 
the plants, instead of reaching Europe by the shortest route over an 
imaginary Atlantis, migrated in an opposite direction, and took a 
course four times as long across America and the whole of Asia. 

If the evidence in the botanical scide were equally balanced in 
favour of these two opposite theories, a geologist would not hesitate 
to prefer that of Dr. Asa Gray as demanding an incomparably 
smaller amount of change in physical geography since the close of 
the Miocene period. It is true that since the beginning of that era 
there have been vast alterations in the level of the Alps and con- 
tiguous regions, as we have seen, p. 257., and in the Mediterranean, 
especially the Egean Sea, p. 245. And tl^ere was perhaps, as the 
late Edward Forbes contended, an extension westward of European 
and North African land even in the Pliocene period.* If, instead 
of assigning an almost historical date to a continental condition of 
the area between Africa and the Southern States of North America, 
such as might realise the story of the Atlantis spoken of by the 
Egyptian priests to Plato, we could look back through the whole 
interval which separates us from the Eocene or Cretaceous periods, 
we might then indeed freely grant, as geologists, any amount of 
change that may be required in the position of land and sea. All 
that is wanting is time for the gradual development of a long series 
of subterranean movements ; that being conceded, there would be no 
exaggeration in the lines of the poet— 

^ Earthquakes have raised to heaven the humble vale, 

And gulfs the mountain’s mighty mass entombed, 

And where the Atlantic rolls wide continents have bloomed.” — Beattie. 

It is the enormous depth and width of the Atlantic which makes 
us shrink from the hypothesis of a migration of plants, fitted for a 
sub-tropical climate in the Upper Miocene period, from America to 
Europe, by a direct coarse from west to east. Can we not escape from 
this difficulty by adopting the theory that the forms of vegetation 
common to Recent America and Miocene Europe first extended from 
east to west across North America and passed thence by Behring’s 
Straits and the Aleutian Islands to Kamtschatka, and thence by laud, 
placed between the 40th and 60th parallels «of latitude where the 
Kurile Islands and Japan are now situated, and thence to China, 
from which they made their way across Asia to Europe ? 

If that be the case, the breaks in a once continuous province of 
plants, and the extinction as well as the diminished range of many 
species, might well have been caused by the mighty revolutions in 
physical geography which we know to have occurred in various 
parts of this area in Post-miocene times. 


* See Map, voL L PI. 7. Memoiri of Gcol Survey, Ac., 1846. 
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ProfeflM>r Oliver, after making a careful analysis of Heer’s work, 
above cited, on the “ Tertiary Flora of Switzerland,” has given us an 
able essay on the bearing of the valuable store of facts therein con« 
tained on the two rival theories above alluded to.^ In the first place he 
has thought it safer to set aside all the cryptogamia, and to discard a 
certain number of the phaenogamous plants as having been doubt- 
fully determined by their leaves alone •, but after these deductions 
there remain about 800 plants referred to 196 genera in the Swiss 
Miocene flora. It is of course understood that some of these deter- 
minations are very doubtful in the absence of fruit or flowers, but 
the positive data which remain are amply sufficient for sound 
generalizations, and we need not fear that these will be materially 
shaken by future discoveries. The reasoning is the more to be 
relied on because in so great a number of genera only twenty -one 
are extinct, fifteen of these beings monocotyledonous and six dico- 
tyledonous. 

It is admitted that there is an unquestionable analogy between 
the Miocene flora of Central Europe and the Recent flora of North 
America, and that the analogy is greater than between the same 
fossil flora and that now existing in Europe, But in the first place 
it is remarked by Dr. Asa Gray that the Swiss Miocene plants are 
more like those of Japan than they are like those now living in 
Europe, which at once suggests the idea that the American plants 
may have taken a westerly instead of an easterly route. In the 
next place it is remarked that, if we travel from Europe to the east, 
the farther we go the more we find the living vegetation putting on 
the characters of the Old Miocene flora. Tlius in passing from the 
Mediterranean to the Levant, the Caucasus, and Persia, we meet, 
says Professor Oliver, with ChamceropSy PlatanuSy Liquidambar, 
Pterocaryay JuglanSy &c. &c,, then we trace along the Himalaya and 
through China other Miocene genera, the eastern part of the Asiatic 
continent forming with Japan one great botanical region. In the 
Southern American States eighty-eight of the Miocene genera are 
now represented ; but Professor Oliver gives a table to show that if 
we take Europe, Asia, and Japan together, as before suggested, there 
are no less than 120 Recent genera which are common to the Swiss 
Miocene flora. Moreover there are some general features in which 
the living flora of Japan is more like the Old Miocene vegetation 
of Europe than is the living flora of America. For example, the 
nine Tertiary orders which are numerically the largest are the 
following; — 1. Graminese (grasses); 2. Composite; 3. Cyperacem 
(sedges) ; 4. Salicaceae (willows) ; 5. Coniferse (pines) ; 6. Legu- 
minosae ; 7 . Laurineae (laurels) ; 8. Acerineae (maples) ; and 9. 
Proteaceas. The six first of these are included in the nine largest 
orders of Japan, and only four of them, namely, the three first and 
the sixth, in the largest orders of the Southern States of North 
America ; and further, the three last of the nine ai*e much more 
developed in Japan than in the Southern States. 

^ Nat. Hist. Review, 18S2, p. 149. 



269 


Cm. XV.] THEORY OF A MIOCEKE ATLANTIS. 

Heer estimates the proportion of ligneous species in the Swiss 
Miocene as exceeding 60 per cent, of all the plants. Professor 
Oliver remarks on this subject that in Japan they constitute 40 per 
cent, of the whole flora, and only 22 per cent, in that of the Southern 
United States. There are seventy-seven genera common to the 
recent flora of Japan and to the European Miocene strata, and 
nearly the same number are common to the tertiary and the living 
flora of Europe ; but the genera which are common in these two 
instances are by*no means the same, and no less than twenty-six of 
the Japanese list are wanting in Europe, having become extinct 
there since the Miocene period. Not a few of these, such as Cinna^ 
momum and Glyptostrohus^ play a conspicuous part among the fossils. 

In order to understand the disappearance of so many forms, we 
have only to call to mind the great geographical changes already 
alluded to, which are known to have taken place in Easteni Europe 
and Western Asia since the Miocene era. It seems at first sight 
an anomaly that the plants on the eastern side of North America 
should agree more closely with those of Ja])an than does the- flora of 
the intervening countries, Oregon and California, west of the Rocky 
Mountains. It would naturally lead us to conjecture that many of 
the Miocene genera of Europe now found only on the Atlantic side of 
North America may once have ranged to the Pacific side. In favour 
of such an hypothesis, it may be mentioned that in 1859 Lesguereux 
discovered in a fossil state in Vancouver’s Island and in Oregon many 
of the Miocene genera which are no longei' represented in the flora now 
living on the west side of the Rocky Mountains. Among these there 
is a Cinnamomum resembling C. Rossnwssleri, see fig. 204., a planer- 
tree, like Planera Richardi, a Glyptostrobus like G, (Eningensis^ 
Br., and a fan palm, besides willows and maples, the whole assem- 
blage implying a warmer climate in Oregon in tlio Miocene period, 
and also pointing to the spread of a similar vegetation across the 
whole American continent in ancient times. 

In support of the Atlantis theory, Heer has pointed out that cer- 
tain American genera, such as Oreodaphne, closely related to O. 
foetens or the Til, also Clethra. Bystropogon^ Cedronella^ and others, 
are common to the Miocene of Europe, and to the flora of Madeira 
and Porto Santo, and to that of the Canaries and Azores. Had the 
number of genera proper to these islands, especially to the Azores, 
been very considerable, this argument would be entitled to have 
great weight, for such Atlantic islands wou^ then appear to have 
been the last remnants of a lost continent over which a continuous 
vegetation once ranged from west to east. But Professor Oliver 
truly observes that the botanical types having the geological and 
geographical relations required by the hypothesis are extremely few 
in the Atlantic islands. Moreover two of those above cited, Clethra 
and Cedronella^ are of little or no value, as species of both of them 
now grow in Japan, and some of the other plants may have reached 
the Atlantic islands at the time when these were united with 
Barbary, and Barbfiry with Europe, at which same period many 
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Europesa iand^shelU aad plaaU now flourishing in Madeira and 
Porto Santo maj have migrated thither. 

The exiatence of a continuous land communication between Eastern 
America and Western Europe in the Pliocene period, by means of 
which many plants migrated, before the Glacial period, from one 
region to the other, was suggested by Mr. Darwin in his “ Origin 
of Species” (chap, xi., 1859); and Dr. Leidy has observed that 
a like continuity of land from east to west is implied by the identity 
of some of the extinct Pliooene mammalia of the Niobrara Valley in 
Nebraska with those of a corresponding geological age in Europe. 
The ideal map given by Heer of the Atlantis represents a continent 
as large as Europe precisely in that portion of the Atlantic Ocean 
which is now the broadest and deepest.* The depth has been lately 
shown to range in the central parts from two to three miles. To 
suppose that a continent, therefore, was so situated up to tlie close 
of the Miocene period, when the American types, as seen at CEningen, 
were most dominant, would imply a prodigious amount of subsidence 
in a comparatively brief period. In the lifetime of a single genera- 
tion of men, plants, of which the seeds have been unintentionally 
transported to a distant coast, have made their way for many miles 
into the interior without human aid. A botanist, therefore, might 
form some rude estimate of the number of centuries which would be 
required for an assemblage of plants to spread over land several 
thousand miles in extent from east to west; but no geologist would 
venture to estimate the ages required to convert as many thousand 
miles of land into a shallow sea and then turn that vast shoal into 
a sea-bottom two or tlvree miles deep. 

Even if we were called upon to imagine that the Miocene flora 
originated in the Southern United States, in Georgia and the Caro- 
linas for example, and that they made their way overland westward 
for a distance of 16,000 miles to Europe, we might conceive such a 
migration to be performed in a mere fraction of the period which it 
would take to convert Africa or North America into an ocean as 
deep as the Atlantic. 

Behring’s Straits do not exceed in depth and width the Straits of 
Dover, so that the former union of North America with Asia would 
demand only a slight change of level, and the present existence of 
such chains of islands as the Kurile and Aleutian makes it easy to 
imagine that there may have been a post-miocene connection be- 
tween Kamtschatka, Japan, and China. Independently, therefore, of 
the botanical arguments in favour of a migration from east to west, 
this latter theory involves us in far less hazardous speculations as to 
geographical change than that of a Miocene Atlantis. 

* We are not, however, entitled to take for granted that some of the 
American types may not have crossed to Europe in high Northern 
latitudes, when Greenland, Iceland, and the Hebrides were united 
by a continuous land ooaamunication. And in support of this view it 

♦ Heer and Gaudin, Flora Tertiaria HelvetUe, vol. iii. H. 156. fig. 9., and Ee- 
cherches sur le Climat, PI 1. flg. 9.^ 
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may be urged Uiat a Miocene flora has been discorered in eereral parts 
of the Arctic lands » especially in Disco Island, in Greenland, lat, 
70^ K., and in Iceland, and, as above mentioned, p. 239., in the 
Island of Mull in the Hebrides. But in the first place, in reference 
to these northern miocene deposits, it may be observed that palms 
and other tropical forms are wanting ; and secondly, the depth of 
the ocean in the regions alluded to is very great. Sir L. Mac- 
Clintoch, when sounding for the proposed submarine telegraph, 
found a depth of 4092 feet between Scotland and Iceland, and again 
a depth of no less than 9432 feet between Iceland and Greenland. 
Possibly the number of fathoms might not be so great if a survey of 
the Arctic Seas were made in a still more north-westerly direction 
from Iceland to Greenland, but we have no data at present which 
favour this notion. 

Upon the whole, the theory which derives the American types 
from the east instead of the west seems by far the most natural, and 
it seems to acquire still more claims to our favour when w© study the 
fossil shells and corals of that ancient period as well as the plants. 
In 1850, Mr. John Garrick Moore pointed out that certain tertiary 
shells of San Domingo exhibited affinities to the miocene shells of 
Europe^, and that although such of the San Domingo species as 
agreed with the living were chiefly Atlantic forms, there were some 
so closely allied to the existing Pacific fauna as to lead him to infer 
that there had been a channel in Miocene times through what is now 
the Isthmus of Panama, by which the mollusca could have migrated 
from one ocean to the other. Such an hypothesis, he observes, will 
be the more readily accepted when we consider that the isthmus no- 
where attains an elevation exceeding 1000 feet, which is not half the 
height to which the marine Miocene strata of San Domingo have 
been uplifted since tbeir deposition. 

Similar inferences have lately been drawn by Dr. Duncan t> from 
the corals of San Domingo, Antigua, Jamaica, Barbadoes, and other 
West Indian islands. They are allied in a most unequivocal manner 
to the corals of the Faluns of Vienna, Bordeaux, Dax, Saucats, 
and Turin, while at the same time the forms are those of the Pacific 
and not of the Caribbean Sea and Atlantic. Dr. Duncan concludes, 
therefore, not only that there was no Isthmus of Panama, but also 
that there was no great barrier of land or Atlantic continent sepa- 
rating the Miocene seas of Europe from the contemporaneous seas of 
the West Indies. The bearing of these views is the more direct on 
the theory of an Atlantis before discussed, because the affinities of 
the marine shells and the corals belong precisely to that period (the 
Upper Miocene), when the flora of Europe was most American. 
There may have been, as Dr. Duncan supposes, numerous islands in 
the Atlantic, large and small, as there are now in parts of the Pacific 
and Indian Oceans where corals abound, but there could not have 
been that continuity of land which is represented in Heer's ideal map 


Quart GeoL Jount, 1850, vol iv. p. 43. 


t Ibid. vol. xix. p. 455. 
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of tbe AtUntjft already cited, p. 270 ., which would be indispensable 
in order to produce an affinity in so many genera and even species of 
plants as is observed between the Recent American and the Swiss 
Miocene flora. 

It is right, however, before concluding this subject, that I should 
warn the reader that much of the reasoning employed by those who 
have taken part in discussing the probable existence of a Miocene 
Atlantis, whether as advocates or opponents of the hypothesis, has 
proceeded on the assumption that the geographical distribution of 
genera has been governed by laws strictly analogous to those which 
govern the distribution of species. When Professor Heer speaks of 
plants called by him homologous, and shows that about half of these 
are common to Miocene Europe and to the living flora of America, 
and that this is more especially true of those closely-allied or homo- 
logous species which are known by their fruits as well as their 
leaves, the force of his argument will be fully appreciated by all who 
believe that each species has had a single birthplace, or has been 
formed in one limited geographical area from which it may have 
migrated to distant parts ; for Heer supposes the homologous living 
species to be the hereditary descendants of their closely-allied miocene 
progenitors. But when the reasoning is founded on plants which have 
only a generic connection, as in a great part of Heer’s work, and 
everywhere throughout the essay of Professor Oliver, its force depends 
on the previous assumption that, not only the individuals of a species, 
but also the different species of a genus, have radiated from certain 
geographical areas which constituted the original starting-points of 
such genera. This is not the place to enter into a question so diffi- 
cult and unsettled as that of the origin of species, hut w^hether we 
adopt or reject the doctrine of transmutation, it is necessary to bear 
in mind when we compare the recent and fossil flora and endeavour 
to ascertain whether the miocene plants came to Europe by a western 
or eastern route, that a single identical or very closely allied species 
is of more value than a great many genera represented by species 
not closely allied. Thus, for example, Heer considers the walnut- 
tree of CEningen called Juglans bilinica to be homologous with the 
living American hickory, Juglans nigra, and that another Upper 
Miocene walnut of Europe, Juglans vetusta, is homologous with our 
common walnut, •/’. regia, which was first brought into Europe 
from Persia. When, therefore, the Swiss Professor founds on the 
one an argument in favour of a migration across an Atlantic conti- 
nent for the Miocene walnuts of Switzerland, and Professor Oliver 
founds on the other an Asiatic route for the same, their reasoning is 
logical and its cogency is great in proportion to the identity or very 
near affinity of the fossil and recent plants which are compared. 
But several other Tertiary walnuts of Switzerland have a compara- 
tively remote bearing on the question of a Miocene Atlantis, because 
Juglans, as a genus, flourished in Europe in the Eocene, ‘ and even, 
according to Goppert, in the antecedent Cretaceous period. Some, 
therefore, of the Miocene species of Juglans may have come from 
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indigenous European Eocene, or even Cretaceous ancestors ; and 
the same remark applies to a great number of the genera of other 
orders and classes which are common to the Miocene flora of Etiropo 
and to older tertiary rocks. Thus eight out of 232 fossil species of 
Monte Bolca, a locality where the rocks belong to the Nummnlitic 
or Middle Eocene period, pass up into .the Miocene formations, ac- 
cording to Massalongo and Heer.* 

The Proteaceae also abounded in the Eocene strata of England, 
France, and Italy, and in the cretaceous rocks at Aix-la-Chapelle. 
To these countries, therefore, rather than to Australia and Aft’ico, wo 
ought to look for the origin of many of the species of that order 
which we find both in the Upper and Lower Miocene formations. 

But notwithstanding the caution which we must use in our specu- 
lations on the alleged affinity of the Miocene flora of Europe to tbo 
living plants of America and other countries, I consider the general- 
izations of Unger, Asa Gray, Heer, Oliver, and others on this sub- 
ject, to be most important, and that their investigations cannot fail 
to throw great light on the past history of species and genera in the 
vegetable kingdom. 

UPPBR MIOCENE FORMATIONS, INDIA. 

Stib'- Himalayan or Siwalik Hills. — The Siwalik Hills lie at the 
southern foot of the Himalayan chain, rising to the height of 2000 
and 3000 feet. Between the Jumna and the Ganges they consist of 
inclined strata of sandstone, shingle, clay, and marl. We are 
indebted to the indefatigable researches of Dr. Falconer and Sir 
Proby Cautley, continued for fifteen years, and to the labours of 
other scientific officers in the Indian service, for the discovery in 
these marls and sandstones of a great variety of fossil mammalia 
and reptiles, together with many freshwater shells. Fifteen species 
of shells of the genera Paludina, Melania^. Ampullariay and Unio 
were shown by Falconer and Cautley in 1846 to the late Professor 
E. Forbes, who pronounced them to be all extinct or unknown 
species with the exception of four, which are still inhabitants of 
Indian rivers. Such a proportion of living to extinct mollusca 
agrees well with the usual character of an Upper Miocene or Falu- 
nian fauna, as observed in Touraine, or in the basin of Vienna and 
elsewhere. 

The genera of mammalia point in the same direction. One of 
them, named originally Anoplotherium, w2il[ at first considered to 
supply a link between this Indian fauna and that of the Eocene 
period of Europe, but it is now recognized to belong to the genus 
Chalicotherium (or Anisodon of Lartet), a pachyderm intermediate 
between the Rhinoceros and Anoplothere^ and characteristic of the 
Upper Miocene strata of Eppelsheim, and of Sansans in the Depart- 
ment of Gers in the South of France. With it occurs also an 
extinct form of Hippopotamus ^ called Hexaprotodon, and a species of 

* Hecherches, &c., Heer and Gaudin, p. 79. 
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Hippotherium and pig, also two species of Moitodon^ two of 
elephant, and three other elephantine proboscidians ; none of them 
agreeing with any fossil forms of Europe, and being intermediate 
between the genera Elephas and Mastodon, constituting the 6ub> 
genus Stegodon of Falconer. VTith these are associated a monkey, 
allied to the Semnopitkecus, entellus^ now living in the Himalaya, 
and many ruminants. Amongst these last, besides the giraffe, camel, 
antelope, stag, and others, we find a remarkable new type, the Si- 
vatherium, like a gigantic four-horned deer. There are also new 
forms of carnivora, both feline and canine, the Machairodus among 
the former, also hymn as, and a subursine form called the Hysenarc- 
tos, and a genus allied to the otter (Enhydriodon), of formidable 
size. 

The giraffe, camel, and a large ostrich may be cited as proofs that 
there were formerly extensive plains where now a steep chain of 
liills, with deep ravines, runs for many hundred miles east and west. 
Among the accompanying reptiles are several crocodiles, some of 
huge dimensions, and one not distinguishable, says Dr. Falconer, 
from a species now living in the Ganges (C. Cnangeticus\ and there is 
still another saurian which the same anatomist has identified with a 
species now inhabiting India. There was also an extinct species of 
tortoise of gigantic proportions {Colossockelgs Atlas\ the curved 
shell of which was twelve feet three inches long and eight feet in 
diameter, the entire length of the animal being estimated at eighteen 
feet, and its probable height seven feet. 

That some of the reptiles should, as well as many of the shells, 
liave survived from the Upper Miocene to the human epoch, need 
scarcely excite surprise, for we have no reason to assume that the 
mean temperature of India in the Miocene period differed materially 
from that which now prevails ; although the climate must have been 
greatly modified by the revolution which has since occurred in the 
})hysical geography of the district. The heat may be as great now, 
if not greater, than when the Si vatherium and Chalicotherium 
fiourished. 

Numerous fossils of the Siwalik type have also been found in 
Perim Island, in the Gulf of Cambay, and among these a species of 
Dinotheriuniy a genus so characteristic of the Upper Miocene period 
in Europe. 

Atlantic Islands, — Something will be said of the Upper Miocene 
formations of marine origin in Madeira, the Canary Islands, and the 
Azores, when I speak, in the thirty-first chapter, of the volcanic rocks 
of those countries. 

Older Pliocene and Miocene formations in the United States , — 
Between the Alleghany Mountains, formed of older rocks, and the 
Atlantic, there intervenes, in the United States, a low region occu- 
pied principally by beds of marl, clay, and sand, consisting of the 
cretaceous and tertiary formations, and chiefiy of the latter. The 
general elevation of this plain bordering the Atlantic does not ex- 
ceed 100 feet^ although it is sometimes several hundred feet high. 
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Its width in the middle and southern states is veiy commonly from 
100 to 150 miles. It consists, in the South, as in Georgia, Alabama, 
and South Carolina, almost exclusively of Eocene deposits ; but in 
North Carolina, Maryland, Virginia, Delaware, more modern strata 
predominate, which, after examining them in 1842, 1 supposed to be 
of the age of the English crag and faluns of Touraine.* If, chro- 
nologically speaking, they can be truly said to be the representatives 
of these two European formations, they may range in age from the 
Older Pliocene to the Miocene epoch, according to the classification 
of European strata adopted in this chapter. 

The proportion of fossil shells agreeing with recent, out of 147 
.species collected by me, amounted to about 17 per cent., or one-sixth 
of the whole ; but as the fossils so assimilated were almost always 
the same as species now living in the neighbouring Atlantic, the 
number may hereafter be augmented, when the recent fauna of that 
ocean is better known. In different localities, also, the proportion 
of recent species varied considerably. 

On the banks of the James River, in Virginia, about twenty miles 
below Richmond, in a cliff about 30 feet high, I observed yellow and 
white sands overlying an Eocene marl, just as the yellow sands of 
the crag lie on the blue Loudon clay in Suffolk and Essex in Eng- 
land. In the Virginian sands, we find a profusion of an Astarte 
(A, undulata^ Conrad), which resembles closely, and may possibly 
be a variety of, one of the commonest fossils of the Suffolk Crag 
{A, bipartitd) ; the other shells also, of the genera NaHca^ Fissurella, 


Fig, 107. Fig. 2W. 



Fulgur ganalieulaiut. MaryUnd. JWuf qwMrieMtalui, Say. Maryland, 


Artemis, Lucina, Chama, Pectunculus, and Pecten, are analogous to 
shells both of the English crag and French faluns, although the 
species are almost all distinct. Qut of 147 of these American fossils 
I could only find 13 species common to Europe, and these occur 
partly in the Suffolk Crag, and partly in the faluns of Touraine ; 
but it is an important characteristic of the American group, that it 
not only contains many peculiar extinct forms, such as Fmus gua^ 

♦ Proceed, of the GeoL Soc., voL ir. Pt. 8 ., 1845, p. 547. 
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drieosioHitf Say (see fig. 208.) and Ventis tndaenoidei^ abundant in 
these same formations, *but also some shells which, like Fulgur 
earic0 of Say and F. canaliculatus (see fig. 207.), Calypirma costata^ 
VefiUM mercenaria, Lam., Modiola glandula, Totten, and Pecten 
fnagellanicuSf Lam., are recent species, yet of forms now confined to 
the western side of the Atlantic~a fact implying that some traces 
of the beginning of the present geographical distribution of mollusca 
date back to a period as remote as that of the Miocene strata. 

Of ten species of zoophytes which I procured on the banks of 
the James River, one was formerly supposed by Mr. Lonsdale to be 
identical with a fossil from the faluns of Touraine, but this species 

(see fig. 209.) proves on re-examina- 
tion to be different, and to agree gene- 
rically with a coral now living on the 
coast of the United States. With 
respect to climate, Mr. Lonsdale re- 
gards these corals as indicating a tem- 
perature exceeding that of the Medi- 
terranean, and the shells would lead 
to similar conclusions. Those occur- 
ring on the James River are in the 
37th degree of N. latitude, while the 
French faluns are in the 47th; yet 
the forms of the American fossils 
would scarcely imply so warm a climate as must have prevailed in 
Franco when the Miocene strata of Touraine originated. 

Among the remains of fish in these Post-eocene strata of the 
United States are several large teeth of the shark family, not dis- 
tinguishable specifically from fossils of the faluns of Touraine. 


Fig. m 



Aniranaia linrata, Lonsdnle. 
Syn. Anthopfipllum lineatum. 
' g, Virginia. 


LOWER MIOCENE, UNITED STATES. 

Kebraska , — In the territory of Nebraska, on the Upper Mis- 
souri, near the Platte River, lat. 42® N., a tertiary formation 
occurs, consisting of white limestone, marls, and siliceous clay, 
described by Dr. D. Dale Owen in which many bones of extinct 
quadrupeds, and of chelonians of land or freshwater forms, are 
met with. Among these, Dr. Leidy describes a gigantic qua- 
druped, called by him Titanotherium^ nearly allied to the Paloso- 
therium^ but larger than any of the species found in the Paris 
gypsum. With these are several species of the genus Oreodon^ 
Leidy, uniting the characters of pachyderms and ruminants also; 
EucrotaphtiSy another new genus of the same mixed character ; two 
species of rhinoceros of the sub-genus Acerotherium^ a Lower Mio- 
cene form of Europe before mentioned ; two species of Arcimothe- 
riumt ^ pachyderm ^lied to ChcBropotamus and Ilyracoihertum ; also 
Pahrotheriumy an extinct ruminant allied to Dorcatheriumy Kaup 

* David Dale Owen, GeoL Survey of Wisconsin, See,; Philad. 1852. 
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also Agriochcsgus of Leidy, a raminant allied to Mergcopotamtu of 
Falconer and Cautley ; and, lastly, a large carnivorous animal of 
the genus MackairodiUy the most ancient example of which in 
Europe occurs in the Lower Miocene strata of Auvergne, but of 
which some species are found in Pliocene deposits. The turtles are 
referred to the genus Testiido, but have some affinity to Emys. On 
the whole, the Nebraska formation is probably newer than the Paris 
gypsum, and referable to the Iiower Miocene period, as above 
dehned. 
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CHAPTER XVI. 

EOCENE FORMATIONS. 

Upper Eocene strata of England — Flario-marine series in the Isle of Wight and 
Hampshire — Successive groups of Eocene Mammalia— Boundary-line between 
Lower Miocene and Eocene — Fossils of Barton Clay— British Middle Eocene- 
Shells, nummulites, fishes, and reptiles of the Bagshot and Bracklesham beds — 
Vegetation of Middle Eocene period — Lower Eocene strata of England — Fossil 
plants and shells of the London Clay proper — Strata of Kyson in Suffolk — 
Plastic clays and sands — Thanct sands — Eocene formations of France — Gyp- 
seous series of Montmartre and extinct quadrupeds — Fossil footprints — Calcaire 
grossier — Miliolites — Lower Eocene in France — Nummulitic formations of 
Europe, Africa, and Asia — Their wide extent — referable to the Middle Eocene 
period — Eocene strata in the United States — Section at Claiborne, Alabama — 
Colossal cetacean — Orbitoidal limestone — Burr stone. 

The strata next in order in the descending series are those which 
I term Upper Eocene. In the accompanying map, the position of 
several Eocene areas is pointed out, such as the basin of the Thames, 


ng. 910. 

Map of the principal tertiary bailni of the Eocene period. 



N. B. The apace left blank la occupied by aecondary fonnatlona from the Devonian or old red 
aanditone to the chalk iocluaive. 


part of Hampshire} part of the Netherlands, and the country round 
Paris. The three last^xnentioned areas contain some marine and 
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freshwater formations, which have been already spoken of as Lower 
Miocene, but their superficial extent is insignificant, except in the 
Paris basin between the Seine and the Loire. 


UPPEB EOCENE FORHATIONS, ENGLAND. 

The following table will show the order of succession of the strata 
found in the Tertiary areas, commonly called the London and Hamp- 
shire basins. (See also Table, p. 103. et seq.) 


LOWXE MIOCENE. 

Hempstead beds, Isle of Wight, see abore, p. 237. 


Thick neii. 
1 70 foot. 


UPPEK EOCENE, 

A. 1. Bembridge Scries — North coast of Isle of Wight - - - 120 

A. 2. Osborne or St. Helen’s Series — ibid. 1 00 

A. 3. Headon Series — Isle of Wight, and Hordwell Cliff. Hants - 170 

A. 4. Barton Clay — Isle of Wight, and Barton Cliff, Hants - - 300 


MIDDLE EOCENE. 

B. Bagshot and Bracklesham Sands and Clays — London and 

Hants basins 700 


LOWER EOCENE. 


C. 1. London Clay proper and Bognor beds — London and Hants 

basins - 350 to 500 

C. 2. Plastic and Mottled Clays and Sands — London and Hants 

basins - -- -- -- -- - 100 

C. 3. Thanet Sands — Recnlrers, Kent, and Eastern part of London 

basin ----------90 


The true relative position of the Hempstead beds and of the Bem- 
bridge, A. L, and the Osborne or St, Helen’s series, A. 2., were not 
made out in a satisfactory manner till Professor Forbes studied 
them in detail in 1852. The true place of the Bagshot sands, 13., 
and of the Thanet sands, C. 3., was first accurately ascertained by 
Mr. Prestwich in 1847 and 1852. 


UPPER EOCENE, ENGLAND. 

Bembridge series^ A. 1. — These beds are about 120 feet thick, and, 
as before stated (p. 238.), are conformable with the Hempstead 
beds, near Yarmouth, in the Isle of Wight. They consist of marls, 
clays, and limestones of freshwater, brackish, and marine origin. 
Some of the most abundant shells, as Cyrena semistriata var., and 
Paludina lenta, fig. 176. p. 238., are common to this and to the over- 
lying Hempstead series ; but the majority of the species are dis- 
tinct. The following are the subdivisions described by Professor 
Forbes : — 
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а. Uppef marls, distingaished bjr the abnadaticd of Mdam^ ttarriHmmOy Forbes 

(%. an-)- 

б. Lower marl, characteriacd by Ceriihium mutabik, Cyrena pukkroy &c., and 

by the remams of Trimyx (see fig. 212.). 


Fig. 911. Fig. 919. 



lielania turritiitima^ Forbei. Fragment of Carapace of TrionyM, 

Bembndge. Bembridge B«d», Itie of Wight. 

Green marls, often abounding in a peculiar species of oyster, and accompanied 
oy Cerithiay MytUiy an Area, a Nucula, &c. 


Fig. 213. 


Fig. 214. 


Fig. 915. 




Sulimtts elltpticus, 5$ow. 
Bembridge Limeitone. 
I nat. slae. 


HeltM occtusa, Edwardi. 
Bembridee Limeatone, 
Isle of Wight 


Paiudina orbiculari*, Bembridge. 




<f. Bembridge limestones, eompact cream-coloured limestones alternating with 
shales and marls, in all of which land-shells are common, especially at 


Fig. 916. 


Fig. 217. 


Fig. 218. 



Ffafsor&is dfsoa, Edwards. Bam* Lynmea longhcata,Brifd. Chora tubereulota. 

bridge. | diam. Mat sise. Bembridge Lime- 

•toae, 1. of Wight 
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ScoDCA, near Tarmoath, «i described bjr Mr. Edwards. Tbe BMlhmm 
ticust fig. 213., and occlvsa, fig. 214., are among its best known land* 
sheila. Paiudina orbicularUt fig. 215., is also of iroquent occurrence. One 
of the bands is filled with a little globular Paiudina, Among the freshwater 
pulmoolfera, Lymnta iongiscata (fig. 217.) and Plaiwrhis di»cu$ (fig. 216.) are 
the most generally distributed : the latter represents or takes the place of the 
Planorbu euomphalns (see fig. 221.), of the more ancient Ueadon series. CAira 
tuberculuta (fig. 218.) is the characteristic ikmbridge gyrogonite. 


From this formation on the shores of WhiteclifF Bay, Dr. Mantell 
obtained a fine specimen of a fan palm, Flabellaria Lamanoniitf 
Brong., a plant first obtained fi*om beds of corresponding age in the 
suburbs of Paris. The well-known building-stone of Binstead, near 
Ryde, a limestone with numerous hollows caused by Cyrenm which 
have disappeared and left the moulds of their sliells, belongs to this 
subdivision of the Bembridge series. In the same Binstead stone Mr. 
Pratt and the Rev. Darwin Fox first discovered the remains of mam- 
malia characteristic of the gypseous series of Paris, as Falatotherium 
magnum (fig. 220.), P. medium^ P. minuSy P, 
mimimumy P. curtuniy P, crassum ; also no- r«g. 


plotheriutn commune (fig. 219.), A, secundariumy 
Dichohune cervinumydkud Chccropotamus Cuvier L 
The genus Paleothere, above alluded to, re- 
sembled the living tapir in the form of the head, 
* and in having a short proboscis, but its molar 
teeth were more like those of the rhinoceros. 



Paleotherium magnum was of the size of a 
horse, three or four feet high. The annexed 
woodcut, fig. 220., is one of the restorations 
which Cuvier attempted of the outline of the 


Lower molar tooth, 
nat. size 

Anoptothrrmm commune. 
Binttead, lile of Wight. 


living animal, derived/rom the study of the entire skeleton. As the 


Fig. 220. 



Jhateothefium magnum^ Cuvier* 


vertical range of particular species of quadrupeds, so fSur as our 
knowledge extends, is far more limited than that of the testaeea, 
the occurrence of so many species at Binstead, agreeing with ft>Siils 
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of the Paris gypsum, strengthens the evidence derived i^m shells 
and plants of the synchronism of the two formations. 

Oiborne or St HelenU teriei^ A. 2. — This group is of fresh and 
brackish -water origin, and very variable in mineral character and 
thickness. Near Ryde, it supplies a freestone much used for build- 
ing, and called by Prof. Forbes the Nettlestone grit In one part 
ripple-marked flagstones occur, and rocks with fucoidal markings. 
The Osborne beds are distinguished by peculiar species of Paludina^ 
Melania^ and Melanopns^ as also of Cypris and the seeds of Chara* 

JBeadon series^ A. 3. — These beds are seen both in Whitecliff Bay 
and in Headon Hill, or at the east and west extremities of the Isle 
of Wight, The upper and lower portions are freshwater, and the 
middle of mixed origin, sometimes brackish and marine. Everywhere 
Planorbis euomphalus^ fig. 221., characterizes the freshwater depo- 
sits, just as the allied form, P. diicus, fig. 216., does the Bembridge 
limestone. The brackish-water beds contain Potamomya plana^ 
Cerithium mutabile^ and Potamides cxnctus (fig. 44. p. 30.), and the 


Fig. «1. 



Fig. m. 



Planar bis euampAalus, Sow. 
Headon Uitl. | diam. 


Helia'lnbyrmthica, Sav. Headon Hill, l*le of Wight ; 
and Hordwell ClifT, Hanta— also recent. ^ 




marine beds Venus (or Cytherea) incrassata, a species common to 
the Limburg beds and Gr^s de Fontainebleau, or the Lower Miocene 
series. The prevalence of salt-water remains is most conspicuous 
in some of the central parts of the formation. Mr. T. Webster, in 
his able memoirs on the Isle of Wight, first separated the whole 


Fig.m 


Fig. 224. 


Fig. 225, 




Neritina eonettvo* 
Headon Miiee. 


Lymnea caw/ata* 
Headon Beds. 


Carifkimm coneavum. 
. Headon 5«riei. 


into a lower freshwater, an upper marine, and an upper freshwater 
division. 
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Amon^ the shells which are widely disirihoted through the Headoii 
series are Neritma eoneava (fig. 223.)» Ljfmnta caudata (fig. 224,), 
and Cerithium concavum (fig. 225.), Helix lab^nthicoy Say (fig. 
222.), a iand-shell now inhabiting the United States, was discovered 
in this series by Mr. Wood in Hordwell Cliff. It is also met with in 
Headon Hill, in the same beds. At Sconce, in the Isle of Wight, it 
occurs in the Bembridge series, and affords a rare example of an 
Eocene fossil of a species still living, though, as usual in such cases, 
having no local connection with the actual geographical range of the 
species. 

The lower and middle portion of the Headon series is also met 
with in Hordwell Cliff (or Hordle, as it is often spelt), near Lyming- 
ton, Hants, where the organic remains have been studied by Mr. 
Searles Wood, Dr. Wright, and the Marchioness of Hastings. To 
the latter we are indebted for a detailed section of the l>eds as well 
as for the discovery of a variety of new species of fossil mammalia, 
chelonians, and fish ; also, for first calling attention to the important 
fact that these vertebrata differ specifically from those of the Bem- 
bridge beds. Among the abundant shells of Hordwell are Pabidina 
lenta and various species of Lymnea^ Planorbis, Melania^ Cyclas, 
and Unio^ Potamomya^ Dreisnena^ &c. 

Among the chelonians we find a species of Emys^ and no less than 
six species of Trionyx; among the saurians an alligator and a 
crocodile; among the ophidians two species of land-snakes {Paleryx, 
Owen) ; and among the fish Sir P. Egerton and Mr. Wood have 
found the jaws, teeth, and hard shining scales of the genus Lepi- 
dostfue, or bony pike of the American rivers. This same genus of 
freshwater ganoids has also been met with in the Hempstead beds 
in the Isle of Wight. The bones of several birds have been ob- 
tained from Hordwell, and the remains of quadrupeds. The latter 
belong to the genera Paloplotherium of Owen, Anoplotheriumf 
Anthracotheriuniy Dichodon of Owen (a new genus discovered by 
Mr. A. H. Falconer), Dichobune^ Spalacodon and Hycenodon, The 
latter oflfers,^ I believe, the oldest known example of a true carni- 
vorous animal in the series of British fossils, although I attach very 
little theoretical importance to the fact, because herbivorous species 
are those most easily met with in a fossil state in all save cavern 
deposits. In another point of view, however, this fauna deserves 
notice. Its geological position is considerably lower than that of 
the Bembridge or Montmartre beds, from whicfc it differs almost as 
much in species as it does from the still more ancient fauna of the 
Lower Eocene beds to be mentioned in the sequel. It therefore 
teaches us what a grand succession of distinct assemblages of mam- 
malia flourished on the earth during the Eocene period. 

Many of the marine shells of the brackish-water beds of the above 
series, both in the Isle of Wight and Hordwell Cliff, are common 
to the underlying Barton clay; and, on the other hand, there are 


* Bulletin Soc. G4oL de France, 1852, p. 191. 
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some freshwater shells, such as Cyrena ohovaia^ which are common 
to the Bembridge beds, notwithstanding the intervention of the St 
Helen's series. The white and green marls of the Headon series, 
and some of the accompanying limestones, often resemble the Eocene 
strata of France in mineral character and colour in so striking a 
manner, as to suggest the idea that the sediment was derived from 
the same region or produced contemporaneously under very similar 
geographical circumstances. 

At Brockenhurst, near Lyndhurst, in the New Forest, marine 
strata have recently been found, containing fifty-nine shells, of 
which m/iny have been described by Mr. Edwards. These beds rest 
on the Lower Headon, and are considered as the equivalent of the 
middle part of the Headon series, many of the shells being common 
to the brackish water or Middle Headon beds of Colwell and White- 
cliff Bays, such as Cancellaria muricata^ Sow., Fusus labiatus, 
Sow., 86C. Baron von Konen * has pointed out that no less than 
forty-six out of the fifty-nine Brockenhurst shells, or a proportion 
of 78 per cent., agree with species occurring in Dumont’s Lower 
Tongrian formation in Belgium. This being the case, we might 
fairly expect that if we had a marine equivalent of the Bembridge 
series or of the contemporaneous Paris gypsum, we should find it to 
contain a still greater number of shells common to the Tongrian beds 
of Belgium, but the exact correlation of these freshwater groups 
of France, Belgium, and Britain, has not yet been fully made out. 
It is possible that the Tongrian of Dumont may be newer than the 
Bembridge series, and therefore referable to the Lower Miocene, 
according to the classification adopted by me in Chapter XIV. p. 215. 

If ever the whole series should be complete, we must be pre- 
pared to find the marine equivalent of the Bembridge beds, or the 
uppermost Eocene, passing by imperceptible shades into the over- 
lying lowest Miocene strata. 

Among the fossils found in the Middle Headon are Cytherea in- 
crassata and Cerithium plicatum, fig. 173. p. 238. These shells, espe- 
cially the latter, ai’e very characteristic of the Lower Miocene, and 
their occurrence in the Headon series has been cited as an ob- 
jection to the line proposed to be drawn between Miocene and 
Eocene. But if we were to attach importance to such occasional 
passages, we should soon find that no lines of division could be drawn 
anywhere, for in the present state of our knowledge of the Tertiary 
series there will always be species common to beds above and below 
our boundary-lines. 

Both in Hordwell Qiff and in the Isle of Wight, the Headon beds 
rest on white sands, used for making glass, and constituting the 
upper member of the Barton series, A. 4., p. 279., next to be men- 
tioned. 

PFhite sands and Barton elay^ A. 4. (Table, p. 279.) — In one of 
the upper and sandy beds of this formation, Dr. Wright found 

* Quart. Geol Journal., voL xx. p. 97. 1864. 
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Chama $quamo$a in great plenty. The same eands contain improA* 
aions of many marine shells (especially in Whitecliff Bay) common 
to the upper Bagshot sands afterward to be described. The un- 


derlying Barton clay has yielded about 252 marine 
shells, more than half of them, according to Mr. Prest- 
wich, peculiar ; and only about one in twenty being 
common to the London clay proper, a much older 
Eocene group (see p. 289.), with which the Barton 
clay was formerly confounded. About ono-third of 
the Barton clay shells agree specifically with those of 
the calcaire grossier of the Paris basin.^ It is nearly 



a century since Brander published, in 1766, an ac- $quttmo*a 

count of the organic remains collected from these 


Barton and Hordwell cliifs, and his excellent figures of the shells 
then deposited in the British Museum are justly admired by con- 
chologists for their accuracy. 


SHELLS OF THE BARTON CLAY, HANTS. 

Certain foraminifera called Nuramulites begin, when we study 
the tertiary formations in a descending order, to make their first 


Fig. 227. Fig. 22*. Fig. 229. 


Fig. 230. 



MUra scabra. Valuta ambigua. Typhit pungent. 


Valuta atkteta. Barton 
and Brackieabam. 


Fig. 231. Fig. 232. Fig. 233. Fig. 2M. 



TereheUumto- Cardita tuleatu. Crtmatdla eukata. 

yortr^- Barton wYa, Brander, 
and Bracklea- 


appearance in these Barton beds. A small species called Nummtdite^ 
variolaria Is found both on the Hampshire coast and in beds of the 

* Quart. Geol. Joum., vol.xUL p. 134.; London, 1857. 
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same age in Whitecliff Bay, in the Isle of Wight Several marine 
shells, such as Corbula pisum^ are common to the Barton beds and 
the Hempstead or Lower Miocene series, and a still greater number, 
as before stated, are common to the Headon series. 

MIDDLE EOCENE, ENGLAND. 

Bagihot and Bracklesham beds^ B. — The Bagshot beds, consisting 
chiefly of siliceous sand, occupy extensive tracts round Bagshot, in 
Surrey, and in the New Forest, Hampshire. They may be separated 
into three divisions, the upper and lower consisting of light yel- 
low sands, and the central of dark green sands and brown clays, 
the whole reposing on the London clay proper.* The uppermost 


Fig. 285. 



Venericttrdia planicotta. Lam. 

Cardita plamcoHa^ Deihayea. 

division is probably very nearly related in age to the Barton series. 
Although the Bagshot beds are usually devoid of fossils, they contain 
marine shells in some places, among which Venericardia planicosta 
(see fig. 235.) is abundant, with Turritella sulcifeiannd Nummulites 
Iccvigata (see fig. 239. p. 287.). 


Fig, 286. 



Paim/phit tppkoew, Owen ; an Eocene aea-serpent. Brackletham. 

«. b. vertebra, with long neural tpine prewrved. c. two vertebr® in natural articulation. 

At Bracklesham Bay, near Chichester, in Sussex, the characteris- 
tic shells of this memt^r of the Eocene series are best seen ; among 

* Prestwick, Quart GeoL Joum., toI. iii. p. 386 . 
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others, the huge CerUkium gifianteumy so conspicuous in the calcaire 
grossier of Paris, where it is sometimes two feet in length. The 
volutes and cowries of this formation, as well as the lunulites and 
corals, seem to favour the idea of a warm climate having prevailed, 
which is borne out by the discovery of a serpent, Faiaopkis typkoeta 
(see fig, 236.), exceeding, according to Professor Owen, twenty feet 
in length, and allied in its osteology to the Boa, Python, Coluber, 
and Hydrus. The compressed form and diminutive size of certain 
caudal vertebrse indicate so much analogy with Hydrus as to induce 
Professor Owen to pronounce this extinct ophidian to have been 
marine.^ He had previously combated with much success the evi- 
dence advanced to prove the existence in the Northern Ocean of 
huge sea-serpents in our own times, but he now contends for the 
former existence in the British Eocene seas of less gigantic serpents, 
when the climate was probably more genial ; for amongst the com- 
panions of the sea-snake of Bracklesham was an extinct Gavial 
{Gavialis Dixoni, Owen), and numerous fish, such as now frequent 
the seas of warm latitudes, as the ostraceont fish, of which a spine 
is figured (see fig. 237.), and gigantic rays of the genus Myliobate$ 
(see fig, 238.). 

Fig. 237. 



platei of Myliobate* Edwardii, Iiu.mmulitet ( Nvfnmu/aria) Itevigata. 

Bracklesham Bay. Ibid. PI. 8. Brackleiham. Ibid. PI. 8. 

a. lectinn of the nummullte. 

b. group, with an individual showing the exterior 

of the shell. 

The teeth of sharks also, of the genera Carcharodon^ Otodu$^ 
Lamna, Galeocerdo^ and others, are abundant. (See figs. 240, 241, 
242, 243.) The NummuliteM Icevigata (see fig.^239.), so characteris- 
tic of the lower beds of the calcaire grossier in France, where it 
sometimes forms stony layers, as near Compiegne, is very common at 
Bracklesham, together with N* scabra and variolaria. Out of 
193 species of testacea procured from the Bagshot and Bracklesham 
beds in England, 126 occur in the calcaire grossier in France. It 
was clearly, therefore, coeval with that part of the Parisian seriei 
more nearly than with any other. 

♦ PalieoQt. Soc. Monograph. Bept, Pt. ii. p. 61. 



Cnrcharodon hiUrodon, Agnw. Olodui obligutu, Ag»ii. Lamm eltgans, 

Aga»«. 

Teeth of shark# from Brackleshara Bay. 


Oakoefrdo latidiM 

Agass. 




Marine Shells of Srackleshatn Beds. 

Fig. 544. Fig. 54IS. Fig. 246. Fig. 247 Fig 248. 
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VEGETATION OF MIDDLE EOCENE PEBIOD. 

The plants of Alum Bay in the Isle of Wight, and of Bournemouth, 
on the south coast of Hampshire, embedded in white clays of the 
Middle Eocene series, bear a great resemblance generally to those 
of the Miocene period, as described in the last chapter ; but the 
species are with very few exceptions quite distinct. Forty of these 
are mentioned by MM. de la Harpe and Gaudin, among which the 
Proteaceas (Dryandra, &c.), and the fig tribe are abundant, as well 
as the cinnamon and several other laurineae, with some papilio- 
naceous plants. On the whole they remind the botanist of the 
types of tropical India and Australia.* 

Heer has mentioned several species which are common to this 
Alum Bay flora and that of Monte Bolca, near Verona, so cele* 
lH*ated for its fossil fish, and where the strata contain nummulites 
and other Middle Eocene fossils.! He has particularly alluded to 

♦ Heer, Climat et Vegetation dn Pays Tertiaire, p. 172 . 
f For remarks on the Monte Bolca rocks, see below, Chap. XXXII. 
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Aralia primigenia^ De Harpe ; Dapknogme VeronemiSy MassiJongo 
8p. ; and Ficus gramadUlay Mass* sp., as among the species common to 
and characteristic of the Isle of Wight and Italian Eocene beds ; 
and he observes that in the flora of this period those forms of a 
temperate climate which constitate a marked feature in the Euro- 
pean Miocene formations, such as the willow, poplar, birch, alder, 
elm, hornbeam, oak, flr, and pine, are wanting. The American 
types are also absent, -or much more feebly represented than in 
the Miocene period. The number of exotic forms which are com- 
mon to the Eocene and Miocene strata of Europe demonstrate the 
remoteness of the times in which the geographical distribution 
of living plants originated. A great majority of the Eocene genera 
have disappeared from our temperate climates, but not the whole 
of them ; and they must all have exerted some influence on the 
assemblage of species which succeeded them. Many of these are 
indeed so closely allied to the flora now surviving as to make it 
questionable, even in the opinion of naturalists opposed to the doc- 
trine of transmutation, whether they are not genealogically related 
the one to the other. 


LOWER EOCENE FORMATIONS, ENGLAND. 


London Clay proper (C. 1., Table, p. 279.). — This formation un- 
derlies the preceding, and consists of tenacious brown and blueish- 
gray clay, with layers of concretions called septaria, which abound 
chiefly in the brown clay, and are obtained in sufficient numbers 
from sea-cliffs near Harwich, and from shoals off the Essex coast, 


to be used for making Roman cement. The principal localities 
of fossils in the London clay are Highgate Hill, near London, 
the island of Sheppey, and Bognor in Hampshire. Out of 133 
fossil shells, Mr. Prestwich found only 20 to be common to the cal- 
caire grossier (from which 600 species have been obtained), while 
33 are common to the “ Lits Coquilliers ” (p. 302.), in which 200 


species are known in France. We may pre- 
sume, therefore, that the London clay pro- 
per is older than the calcaire grossier. This 
may perhaps remove a difficulty which M. 
Adolphe Brongniart has experienced when 
comparing the Eocene Flora of the neigh- 
bourhoods of London and Paris. The fossil 
species of the island of Sheppey, he ob- 
serves, indicate a much more tropical climate 
than the Eocene Flora of France. Now the 
latter had been derived principally from the 
Uppermost Eocene or gypseous series, and 
resembles the vegetation of the borders of 


Fig. 249. 



Sipadttes eUipfieus, Bow. 
Fo«ill fruit of palm, from Sh^pp^-y 


the Mediterranean rather than that of an 


equatorial region ; whereas the older flora of Sheppey belongs to an 
antecedent epoch, separated from the period of the Paris gypsum 
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by all the Barton and Bagshot Beriea— in abort, by the equivalents 
of the great nummulitlc series of continental writers. 

Mr. Bowerbank, in a valuable publication on the fossil fruits and 
seeds of the island of Sbeppey, near London, has described no less 
than thirteen fruits of palms of the recent type Nipa, now only 
found in the Molucca and Philippine Islands and in Bengal (see 
fig. 249.). In the delta of the Ganges, Dr. Hooker observed the 
large nuts of Nipa ff^uticaru floating in such numbers in the 
various arms of that great river, as to obstruct the paddle-wheels of 
steam-boats. These plants are allied to the cocoa-nut tribe on the 
one side, and on the other to the Pandanus^ or screw-pine. The 
fruits of other palms besides those of the cocoa-nut tribe are also met 
with in the clay of Sheppey ; also three species of Anona, or custard 
apple ; and cucurbitaceous fruits (of the gourd and melon family) 
are in considerable abundance. Fruits of various species of Acacia 
are in profusion, and these, although less decidedly tropical, imply a 
warm climate. 

The contiguity of land may be inferred not only from these vege- 
table productions, but also from the teeth and bones of crocodiles 
and turtles, since these creatures, as Dean Conybeare remarked, 
must have resorted to some shore to lay their eggs. Of turtles there 
were numerous species referred to extinct genera. These are, for the 
most part, not equal in size to the largest living tropical turtles. A 
sea-snake, which must have been thirteen feet long, of the genus 
PalcBophis before mentioned (p. 286.), bas also been described by Prof. 
Owen from Sheppey, of a different species from that of Brackles- 
ham. A true crocodile, also, Crocodilus toliapicus, and another 
saurian more nearly allied to the gavial, accompany the above fossils; 
also the relics of several birds and quadrupeds. One of these last 
belongs to the new genus Hyracotherium of Owen, of the hog tribe, 
allied to Chieropotamus ; another is a Lophiodon ; a third a pachy- 
derm called Coryphodon eocicnus by Owen, larger than any existing 
tapir. All these animals seem to have inhabited the banks of the 
great river which floated down the Sheppey fruits. They imply the 
existence of a mammiferous fauna antecedent to the period when 
uummulites flourished in Europe and Asia, and therefore before the 
Alps, Pyrenees, and other mountain-chains now forming the back- 
bones of great continents, were raised from the deep ; nay, even 
before a part of the constituent rocky masses now entering into the 
centi*al ridges of these chains had been deposited in the sea. 

The marine shells of the London clay confirm the inference de- 
rivable from the plants and reptiles in favour of a high tempera- 
ture. Thus many species of Conus and Voluta occur, a large Cyprcea^ 
C. ovi/ormiSf a very large Rostellaria (fig. 252.), a species of Cancel^ 
laria^ six species of Nautilus (fig. 254.), besides other Cephalopoda 
of extinct genera, one of the most remarkable of which is the Belo’- 
sepia * (fig. 255.). Among many characteristic bivalve shells are 

^ For doscriptioa of Eocene Cephalopoda, see Monograph by F. £. Edwards, 
Falficontograph. Soc., 1849. 
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Lida amygdahidu (fig. 2fi6.) and Crypiodon angulatum (fig. 257.), 
and among the Radiata a star-fish called Astropecien (fig. 258.). 

These fossils are accompanied by a sword-fish ( Teiraptertia pris^ 
eus^ Agassiz), about eight feet long, and a saw-fish {Priatis bisulca- 
tusy Ag.X about ten feet in length ; genera now foreign to the British 
seas. On the whole, no less than fifty species of fish have been de- 
scribed by M. Agassiz fix)m these beds in Sheppey, and they indicate, 
in his opinion, a warm climate. 


FOSSIL SHELLS OF THE LONDON CLAY. 


Fig. SftO. 


Fig. 251. 


Fig. 352. 



Valuta nodo$a^ Sow. 
Highgate. 


Pkorus exiefuut^ 
Sow. Highgate. 


Fig. 253. 





Nauttlux centraliM, Sow. Highgate. . Mosteliaria ampla, Brander. | of nat. 

alto found in the Barton clay. 


Fig. 254. 



Aturia xiczac^ Brown and Hdwardi . ‘ 
Svn Nautilui xiczac. Sow. 
London clay. Sheppey. 


Fig. 355. 



Bclotepia iepioid^a. 

London clay. Sheppey. 


Fig. 256. Fig. 257. Fig. 258. 



Cryptodon angulatum. 
London clay. Horaaea. 


Ltda ampgdaloide*. 
Highgate. 


Axtropecteu crUpafu*. 
E. Forbes, i^ppey. 
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Strata of Ky»on in Suffotk^^At Eyson, a tear miles east of 
Woodbridge, a bed of Eocene clay, twelve feet thick, uaderUes the 
red crag* Beneath it is a deposit of yellow and white sand, of con- 
siderable interest, in consequence of many peculiar fossils contidned 
in it. Its geological position is probably the lowest part of the 
London clay proper. In this sand have been found remains of an 
opossum {Didelphys) (see fig. 259.), and an insectivorous bat <(fig. 
260.), together with many teeth of fishes of the shark family. Mr. 
Colchester, in 1840, obtained other mammalian relics from Kyson, 
among which Prof. Owen has recognized several teeth of the genus 
Hyracotherium (fig, 261.), and the vertebrae of a large serpent, pro- 
bably a Paloiophut, As the remains both of the Hyracotherium and 
Palceophis were afterwards met with in the London clay, as before 
remarked, these fossils confirmed the opinion previously entertained, 
that the Kyson sand belongs to the Lower Eocene period. A fossil 
lower jaw with teeth from the same bed was at first referred by 


Fig.m 



Molar tooth and part of) aw 
of OpOKAUm. 

From Kyson.* 
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Molars of Insectlrorous bait, 
twice nat. site. 

From Kyson, Suffolli. 


Fig. 261. 

MoUr of Hyracotherium. 


Prof, Owen, in 1840, to a monkey called Macacus eocmnus^ and after- 
wards Eopithecus ; but he has since (1862) retracted this opinion, 
and, on re-exaraination, and with more ample materials at his com- 
mand, has pronounced it to belong to a Hyracotherium, There is 
now, therefore, no Eocene monkey known to palaeontologists unless 
M, Riitimeyer is right in referring to this family a small fragment 
of a jaw with three molar teeth, found in the Upper Eocene strata 
of the Swiss Jura. 

Plastic or mottled clays and sands (C. 2,, p. 279.). — The clays 
called plastic, which lie immediately below the London clay, received 
their name originally in France from being often used in pottery. 
Beds of the same age (the Woolwich and leading series of Prest- 
wich) are used for the like purposes in England.f 

No formations can be more dissimilar on the whole in mineral 
character than the Eocene deposits of England and Paris ; those of 
our own island being almost exclusively of mechanical origin, — 
accumulations of mud, sand, and pebbles ; while in the neighbour- 
hood of Paris we find a great succession of strata composed of lime- 
stones, some of them siliceous, and of crystalline gypsum and siliceous 
sandstone, and sometimes of pure fiint used for millstones. Hence 

* Annals of Nat. Hist vol, iv. No. 23., Nov. 1839. 
t Prestwich, Waterbearing Strata of London, 1851. 
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it is by no means an easj task to institute an exact comparison be* 
tween the various members of the English and French series, and to 
settle their respective ages. It is clear that, on the sites both of 
Paris and London, a continual change was going on in the fauna and 
flora hj the coming in of new species and the dying out of others ; 
and contemporaneous changes of geographical conditions were also 
in progress in consequence of the rising and sinking of the land and 
bottom of the sea. A particular subdivision, therefore, of time was 
occasionally represented in one area by land, in another by an estu- 
ary, in a third by the sea, and even where the conditions were in both 
areas of a marine character, there was often shallow water in one, 
and deep sea in another, producing a want of agreement in the state 
of animal life. 

But in regard to that division of the Eocene series which we have 
now under consideration, we find an exception to the general rule, 
for, whether we study it in the basins of London, Hampshire, or 
Paris, we recognize everywhere the same mineral character. This 
uniformity of aspect must be seen in order to be fully appreciated, 
since the beds consist simply of mottled clays and sand, with lignite 
and well«rolled flint pebbles, derived from the chalk, and varying in 


Fig. 362. Fig- 263. 



Cifrena mneiforwi$, Min. Con. Melemia inqumata^ Dei. SM. ifie 

Natural sise. Syn. Cerfthtum melanotdts, Min. Con. 

size from that of a pea to an egg. These strata may be seen in the 
Isle of Wight in contact with the chalk, or in the I^ndon basin, at 
Reading, Blackheath, and Woolwich, In some of the lowest of them, 
banks of oysters are observed, consisting of Ostrea bellovacina^ so 
common in France in the same relative^osition, and Ottrea edulina, 
scarcely distinguishable from the living eatable species. In the same 
beds at Bromley, Dr. Buckland found one large pebble to which five 
full-grown oysters were affixed, in such a manner as to show that 
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they bad commenced their first growth upon it^ and remained 
attached to it through life. 

In sereral places, as at Woolwich on the Thames, at Newhaven in 
Sussex, and elsewhere, a mixture of marine and freshwater testacea 
distinguishes this member of the series. Among the latter, Melania 
inquinata (see fig. 263.) and Cyrena cuneiformis (see fig. 262.) are 
very common, as in beds of corresponding age in France. They 
clearly indicate points where rivers entered the Eocene sea. Usually 
there is a mixture of brackish, freshwater, and marine shells, and 
sometimes, as at Woolwich, proofs of the river and the sea having 
successively prevailed on the same spot. At New Charlton, in the 
suburbs of Woolwich, M. de la Condamine discovered in 1849, and 
pointed out to me, a layer of sand associated with well-rounded flint 
pebbles in which numerous individuals of the Cyrena tellinella were 
seen standing endwise with both their valves united, the posterior 
extremity of each shell being uppermost, as would happen if the 
mollusks had died in their natural position. I have described * a 
bank of sandy mud, in the delta of the Alabama River at Mobile, on 
the borders of the Gulf of Mexico, where in 1846 I dug out at low 
tide specimens of living species of Cyrena and of a Gnathodouy which 
were similarly placed with their shells erect, or in a position which 
enables the animal to protrude its siphon upwards and draw in or 
reject water at pleasure. The water at Mobile is usually fresh, but 
sometimes brockiali. At Woolwich a body of river-water must have 
flowed permanently into the sea where the Cyrence lived, and they 
may have been killed suddenly by an influx ©f pure salt water, which 
invaded the spot when the river was low, or when a subsidence of 
land took pWce. Traced in one direction, or eastward towards Herne 
Bay, the Woolwich beds assume more and more of a marine charac- 
ter ; while in an opposite, or south-western direction, they become, 
as near Chelsea and otlier places, more freshwater, and contain Unio^ 
Paludina^ and layers of lignite, so that the land drained by the 
ancient river seems clearly to have been to the south-west of the 
present site of the metropolis. 

Before the minds of geologists had become familiar with the 
theory of the gradual sinking of land, and its conversion into sea 
at different periods, and the consequent change from shallow to deep 
water, the freshwater and littoral character of this inferior group 
appeared strange and anomalous. After passing through hundreds 
of feet of London clay, proved by its fossils to have been deposited 
in deep salt water, we arrive at beds of fluviatile origin, and in the 
same underlying formation masses of shingle, attaining at Black- 
heath, near London, a thickness of 50 feet, indicate the proximity of 
land, where the flints of the chalk were rolled into sand and pebbles, 
and spread continuously over wide spaces. Such shingle always 
appears at the bottom of the series, whether in the Isle of Wight, or 
in the Hampshire or London basins. It may be asked why they did 


♦ Second Visit to the United States, voL u. p. 104. 
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not constitute simply niuTow littoral sones, sneb as we might look 
for on an ancient sea-shore. In reply, Mr. Prestwick has suggested 
that such sones of shingle may have been slowly formed on a large 
scale at the period of the Thanet sands (C. 3., p. 279.), and while the 
land was sinking the well-rolled pebbles may have been dispersed 
simultaneously over considerable areas, and exposed during gradual 
submergence to the action of the waves of the sea, aided occasionally 
by tidal currents and river 6oods. 

Thanet sands (C. 3., p. 279.). — The mottled or plastic clay of the 
Isle of Wight and Hampshire is often seen in actual contact witli 
the chalk, constituting in such places tlie lowest member of the 
British Eocene series. But at other points another formation of 
marine origin, characterized by a somewhat different assemblage of 
organic remains, has been shown by Mr. Prestwich to intervene 
between the chalk and the Woolwich series. For these l)ed8 he has 
proposed the name of “Thanet Sands,” because they are wtdl seen 
in the Isle of Thanet, in the northern part of Kent, and on the sea- 
coast between Herne Bay and the Reculvers, where they consist of 
sands with a few concretionary masses of sandstone, and contain 
among other fossils Pholadomya cuneata^ Cyprina MorrisiU Corhula 
longirostris^ Scalaria Bowerhanhiiy &c. The greatest thickness of 
these bods is about 90 feet. 


GENERAL TABLE OF FRENCH EOCENE STRATA. 

UPPEB EOCENB. 

French subdiviKioni. English equltiilenti, 

A. 1. Gypseous series of Montmartre. 1. Bcmbridge series, p. 279. 

A. 2. Calcaire siliceux, or Travertin 2. Osborne and Ueadon series, p. 282. 
Inferieur. 

A. 3. Gres de Beauchamp, or Sables 3. White sand and clay of Barton Cliff, 

Moyens. Hants. 

MIDDLE EOCENE. 

B. 1. Calciure Grossier. 1. Bagshot and Bracklesham beds, 

B. 2. SotssonnaU Sands, orLits Coquil- 2. Wanting. 

liers. 

LOWER EOCENE. 

C. 1. Argile de Londres at base of Hill 1. London Clay. 

of Cassel, near Dunkirk. 2. Plastic clay and sand with lignite 

C. 2. Argile plastique and lignite. (Woolwich and Beading series). 

C. 3. Sables de Braeheox. 3. Thanet fands. 

The tertiary formations in the neighbourhood of Paris consist of a 
series of marine and freshwater strata, alternating with each other, 
and filling up a depression in the chalk. The area which they 
occupy has been called the Paris basin, and is about 180 miles in its 
greatest length from north to south, and about 90 miles in breadth 
from east to west (see Map, p. 219.). MM. Cuvier and Brongniart 
attempted, in 1810, to distinguish five different groups, comprising 
three freshwater and two marine, which were supposed so imply 
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that the waters of the ocean, and of rivers and lakes, had been hj 
turns admitted into and excluded from the same area. Investiga- 
tions since made in the Hampshire and London basins have rather 
tended. to confirm these views, at least so far as to show that since 
the commencement of the Eocene period there have been great 
movements of the bed of the sea, and of the adjoining lands, and that 
the superposition of deep sea to shallow water deposits (the London 
clay, for example, to the Woolwich beds) can only be explained by 
referring to such movements. Nevertheless, it appears, from the 
researches of M. Constant Provost, that some of the minor alterna- 
tions and intermixtures of freshwater and marine deposits, in the 
Paris basin, may be accounted for by imagining both to have been 
simultaneously in progress, in the same bay of the same sea, or a 
gulf into which many rivers entered. 

Gypseous series of Montmartre . — To enlarge on the numerous 
subdivisions of the Parisian strata would lead me beyond my present 
limits ; I shall therefore give some examples only of the most im- 
portant formations enumerated in the foregoing Table, p. 295. 

Beneath the Gr^s de Fontainebleau, often called “ Upper marine 
sands,” and belonging to the Lower Miocene, as before stated, we 
find, in the neighbourhood of Paris, a series of white and green 
marls, with subordinate beds of gypsum, A., Table, p. 295. These are 
most largely developed in the central parts of the Paris basin, and, 
among other places, in the hill of Montmartre, where its fossils were 
first studied by Cuvier. 

The gypsum quarried there for the manufacture of plaster of 
Paris occurs as a granular crystalline rock, and, together with the 
associated marls, contains land and iiuviatile shells, together with 
the bones and skeletons of birds and quadrupeds. Several land- 
plants are also met with, among which are fine specimens of the fan 
palm or palmetto tribe {Flahellaria), The remains also of fresh- 
water fish, and of crocodiles and other reptiles, occur in the gypsum. 
The skeletons of mammalia are usually Isolated, often entire, the 
most delicate extremities being preserved ; as if the carcases, clothed 
with their flesh and skin, had been floated down soon after death, 
and while they were still swollen by the gases generated by their 
first decomposition. The few accompanying shells are of those light 
kinds which frequently float on the surface of rivers, together with 
wood, 

M. Provost has therefore suggested that a river may have swept 
away the bodies of animals, and the plants which lived on its borders, 
or in the lakes which it traversed, and may have carried them down 
into the centre of the gulf into which flowed the waters impregnated 
with sulphate of lime. We know that the Fiume Salso in Sicily 
enters the sea so charged with various salts that the thirsty cattle 
refuse to drink of it. A stream of sulphureous water, as white as 
milk, descends into the sea from the volcanic mountain of Idienne, 
on the east of Java ; and a great body of hot water, charged with 
sulphuric acid, rushed down flrom the same volcano on one occasion, 
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and inundated a large tract of country, destroying, by its noxious 
properties, all the vegetation.* In like manner the Pusanibio, or 

Vinegar River,” of Columbia, which rises at the foot of Furac4, an 
extinct volcano, 7500 feet above the level of the sea, is strongly 
impregnated with sulphuric and hydrochloric acids and with oxide 
of iron. We may easily suppose the waters of such streams to have 
properties noxious to marine animals, and in this manner the entire 
absence of marine remains in the ossiferous gypsum may be ex- 
plained.f There are no pebbles or coarse sand in the gypsum ; a 
circumstance which agrees well with the hypotheses that these beds 
were precipitated from water bolding sulphate of lime in solution, 
and floating the remains of different animals. 

In this formation the relics of about fifty species of quadrupeds, 
including the genera Paleotherium (see fig. 220.), Anoplotkerium 
(see fig. 219.), and others, have been found, all extinct, and nearly 
four-fifths of them belonging to the Perissodactyle or odd -toed 
division of the order Pachpdermata, which now contains only four 
living genera, namely, rhinoceros, tapir, horse, and hyrax. With 
them a few carnivorous animals are associated, among which are the 
HycBTiodon dasyuroides^ a species of dog, Canis Parisiensis, and a 
weasel, Cynodon Parisiensis. Of the liodentia are found a squirrel ; 
of the Cheiroptera, a bat ; while the Marsupialia (an order now 
confined to America, Australia, and some contiguous islands) are 
represented by an opossum. 

Of birds, about ten species have been ascertained, the skeletons of 
some of which are entire. None of them are referable to existing 
species.J The same remark applies to the fish, according to MM. 
Cuvier and Agassiz, as also to the reptiles. Among the last are 
crocodiles and tortoises of the genera Emys and Trionyx. 

The tribe of land quadrupeds most abundant in this formation is 
such as now inhabits alluvial plains and marshes, and the banks of 
rivers and lakes, a class most exposed to suffer by river inundations. 
Among these were several species of Paleotherium, a genus before 
alluded to (p. 281.). These were associated with the Anoplotkerium, 
a tribe intermediate between pachyderms and ruminants. One of 
the three divisions of this family was called by Cuvier Xiphodon. 
Their forms were slender and elegant, and one, named Xiphodon 
gracile (fig. 264*.), was about the size of the chamois ; and Cuvier 
inferred from the skeleton that it was as light, graceful, and agile as 
the gazelle. 

When the French osteologist declared, in the early part of the 
present century, that all the fossil quadrupeds of the gypsum of 
Paris were extinct, the announcement of so startling a fact, on such 
high authority, created a powerful sensation, and from that time a 
new impulse was given throughout Europe to the progress of geo- 

♦ Leyde Magaz. voorWctenschKonst f C. Provost, Sabmcwknis 
enLett., partie v. cahier i. p. 71. Cited lives, &c. Note 23. 
by Roze^ Joum, de Geologic, tom. I J Cuvier, Oss. Foss., tom. iiL p. 265. 
p. 43. 
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logical investigation. Eminent naturalists, it is true, had long before 
maintained that the shells and zoophytes met with in many ancient 
European rocks had ceased to be inhabitants of the earth, but the 
majority even of the educated classes continued to believe that the 


Fig. S64. 



’ Xiphodon gracilf, or Anoplotherium gracile^ Cavler. Restored outline. 

species of animals and plants, now contemporary with man, were the 
same as those which had been called into being when the planet 
itself was created. It was easy to throw discredit upon the new 
doctrine by asking whether corals, shells, and other creatures pre- 
viously unknown, were not annually discovered ? and whether living 
forms corresponding with the fossils might not yet be dredged up 
from seas hitherto unexamined ? But from the era of the publication 
of Cuvier’s “ Ossements FossLles,” and still more his popular Treatise 
called “ A Theory of the Earth,” sounder views began to prevail. 
It was clearly demonstrated that most of the mammalia found in the 
gypsum of Montmartre differed even generically from any now 
known to exist, and the extreme improbability that any of them, 
especially the larger ones, would ever be found surviving in conti- 
nents yet unexplored, was made manifest. Moreover, the non-ad- 
mixture of a single living species in the midst of so rich a fossil 
fauna was a striking proof that there had existed in that region a 
state of the earth’s surface zoologically unconnected with the 
present. 

FosM footprints * — There are three superimposed masses of gyp- 
sum in the neighbourhood of Paris, separated by intervening deposits 
of laminated marL In the uppermost of the three in the valley of 
Montmorency M. Desnoyers discovered in 1859 many footprints of 
animals occurring at no less than six different levels.* The gypsum 
to which they belong varies from thirty to fifty feet in thickness, and 
is that which has yielded to the naturalist the largest number of 
bones and skeletons of mammalia, birds, and reptiles. I visited the 

^ Sur des Eropreintes de Pas d'Animanx, par M. J. Desnoyers. Compte Benda 
de PInstitut, 1859. 
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quarriea^ soon after the discoTery was made known, with M. Des* 
noyers, who also showed me large slabs in the Museum at Paris, 
where, on the upper planes of stratification, the indented foot- 
marks were seen, while corresponding casts in relief appeared on 
the lower surfaces of the strata of gypsum which were immediately 
superimposed. A thin film of marl, which before it was dried and 
condens^ by pressure most have represented a much thicker layer 
of soft mud, intervened between the beds of solid gypsum. On this 
mud the animals had trodden, and made impressions which had pene- 
trated to the gypseous mass below, then evidently unconsolidated. 
Tracks of the Anoplotherium with its bisulcate hoof, and the trilobed 
footprints of Paleotherium, were seen of different sizes, corresponding 
to those of several species of these genera which Cuvier had re- 
constructed, while in the same beds were footmarks of carni- 
vorous mammalia. The tracks also of fluviatile, lacustrine, and ter- 
restrial tortoises (JEVnys, Trionyx^ &c.) have been discovered, also 
those of crocodiles, iguanas, geckos, and great batrachians, and the 
footprints of a huge bird, apparently a wader, of the size of the 
gastornis, to be mentioned in the sequel. There were likewise 
impressions of the feet of other creatures, some of them clearly dis- 
tinguishable from any of the fifty extinct types of mammalia, of 
which the bones have been found in the Paris gypsum. The whole 
assemblage, says Desnoyers, indicate the shores of a lake, or several 
small lakes communicating with each other, on the borders of which 
many species of Pachydermes wandered, and beasts of prey which 
occasionally devoured them. The toothmarks of these last had been 
detected by palaeontologists long before on the bones and skulls of 
Paleotheres entombed in the gypsum. 

These footmarks have revealed to us new and unexpected proofs 
that the air-breathing fauna of the Upper Eocene period in Eurofw 
far surpassed in the number and variety of its species the largest 
estimate which had previously been formed of it. We may now feel 
sure that the mammalia, reptiles, and birds, which have left portions 
of their skeletons as memorials of their existence in the solid gypsum, 
constituted but apart of the then living creation. Similar inferences 
may be drawn from the study of the whole succession of geological 
records. In each district the monuments of periods embracing 
thousands, and probably in some instances millions of years, are 
totally wanting. Even in the volumes which are extant the greater 
number of the pages are missing in any given region, and where 
they are found they contain but few and casual entries of the phy- 
sical events or living beings of the times to which they relate. It 
may also be remarked that the subordinate formations met with in 
two neighbouring countries, such as France and England (the minor 
Tertiary groups above enumerated), commonly classed as equivalents 
and referred to corresponding periods, may nevertheless have been 
by no means strictly coincident in date. Though called contempo- 
raneous, it is probable that they were often separated by intervals of 
hundred of thousands of years. We may compare them to doub e 
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stars, which appear single to the naked eje because seen from a vast 
distance in space, and which really belong to one and the same 
stellar system thongh occupying places in space extremely remote 
if estimated by our ordinary standard of terrestrial measurements. 

Calcaire iiUceux^ or Travertin inferieur (A, 2., p. 295.). — ^This 
compact siliceous limestone extends over a wide area. It resembles 
a precipitate from the waters of mineral springs, and is often tra- 
versed by small empty sinuous cavities. It is, for the most part, 
devoid of organic remains, but in some places contains freshwater 
and land species, and never any marine fossils. The calcaire 
siliceux and the calcaire grossier usually occupy distinct parts of the 
Paris basin, the one attaining its fullest development in those 
places where the other is of slight thickness. They are described 
by some writers as alternating with each other towards the centre of 
the basin, as at Sergy and Osny. 

The gypsum, with its associated marls before described, is in 
greatest force towards the centre of the basin, where the calcaire 
grossier and calcaire siliceux are less fully developed. 

Gres de Beauchamp^ or Sables moyens (A. 3., p.295.). — In some 
parts of the Paris basin, sands and marls, called the Gres de Beau- 
champ, or Sables moyens, divide the gypseous beds from the calcaire 
grossier proper. These sands, in which a small nummulite {N, 
variolaria) is very abundant, contain more than 300 species of marine 
shells, many of them peculiar, but others common to the next division. 

Calcaire yrossier, upper and middle (B. 1., p. 295.). — The upper 
division of this group consists in great part of beds of compact, 
fragile limestone, with some intercalated green marls. The shells 
in some parts are a mixture of Cerithiumy Cyclostomay and Corbula; 
in others Limnea, Cerithiumy Paludinoy &c. In the latter, the 
hones of reptiles and mammalia, Paleotkerium and Lophiodony have 
been found. The middle division, or calcaire grossier proper, con- 
sists of a coarse limestone, often passing into sand. It contains the 
greater number of the fossil shells which characterize the Paris 
basin. No less than 400 distinct species have been procured from 
a single spot near Grignon, where they are embedded in a calca- 
reous sand, chiefly formed of comminuted shells, in which, neverthe- 
less, individuals in a perfect state of preservation, both of marine, 
terrestrial, and freshwater species, are mingled together. Some of 
the marine shells may have lived on the spot ; but the Cyclostoma 
and Limnea must have been brought thither by rivers and currents, 
and the quantity of triturated shells implies considerable movement 
in the waters. 

Nothing is more striking in this assemblage of fossil testacea than 
the great proportion of species referable to the genus Cerithium (see 
figures, p. 238.). There occur no less than 137 species of this genus 
in the Paris basin, and almost all of them in the calcaire grossier. 
Most of the living Cerithia inhabit the sea near the mouths of rivers, 
where the waters are brackish ; so that their abundance in the 
marine strata now under consideration is in harmony with the hypo- 
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thesis that the Paris basin formed a golf into which several rivers 
flowed* 

In some parts of the ealcaire grossier round Paris, certain beds 
occur of a stone used in building, and called by the French geologists 
Miliolite limestone.** It is almost entirely made up of millions of 
microscopic shells, of the sixe of minute grains of sand, which all 
belong to the class Foraminifera. Figures of some of these are given 
in the annexed woodcuU As this miliolitic stone never occurs in the 
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Calcarina raritpina^ Deih . 
b. natural size, a, c. aame magnified. 


Fig. 2<36. 



gfirolina itfnottoma^ Desh. 

B. natural lise^j A, C» D. tame inagnIftedL 



Fig. 2G7. 



Triloculinainfiata^ De»h. 
b. natural lize. a, c, d, same magnified.; 

Fig. 268. 



' ClavtUifMcorrugata^T>e%)n. 
a. natural size. c. same magnified.' 

Faluns, or Upper Miocene strata of Brittany and Touraine, it often 
furnishes the geologist with a useful criterion for distinguishing the 
detached Eocene and Miocene formations scattered over those and 
other adjoining provinces. The discovery of the remains of Paleo- 
therium and other mammalia in some of the upper beds of the eal- 
caire grossier shows that these land animals began to exist before 
the deposition of the overlying gypseous series had commenced. 
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Louyer Calcairt grassier, or G^aueonie grossiere (B. p. 295.)* — 
The lower part of the calcaire grossier, which often contains much 
green earth, is characterized at Anvers, near Pontoise, to the north 
of Paris, and still more in the environs of Compiegne, by the abun- 
dance of nummulites, consisting chiefy of N. lavigata, N, scahra, 
and N. Lamarcki, which constitute a large proportion of some of the 
stony strata, though these same foraminifera are wanting in beds of 
similar age in the immediate environs of Paris. 

Somonnaii sands, or Lits coquilliers (B. 2., p. 295.). — Below the 
preceding formation, shelly sands are seen, of considerable thickness, 
especially at Cuisse-Lamotte, near Compiegne, and other localities in 
the Soissonnais, about fifty miles N.E.of Paris, from which about 300 
species of shells have been obtained, many of them common to the 
calcaire grossier and the Bracklesham beds of England, and many 
peculiar. The Nummulites planulata is very abundant, and the 
most characteristic shell is the Nerita conoidea, Lam., a fossil which 


Fig. m. 



Nfrita conoidea, Lam. 

Syn. N. Schmuklliana, Chemnlti. 


has a very wide geographical range ; for, as M. d’Archiac remarks, 
it accompanies the nummulitic formation from Europe to India, 
having been found in Cutch, near the mouths of the Indus, asso- 
ciated with Nummulites scabra. No less than 33 shells of this group 
are said to be identical with shells of the London clay proper, yet, 
after visiting Cuisse-Lamotte and other localities of the “ Sables in- 
f^rieurs ” of Archiac, I agree with Mr. Prestwich, that the latter 
are probably newer than the London clay, and perhaps older than 


Fig. 270. 



Cardium pomloium. Paris and London basins. 


the Bracklesham beds of England. The London clay seems to be 
unrepresented in the Paris basin, unless partially so, by these sands.* 
One of the shells of the sandy beds of the Soissonnais is adduced by 


* D’ Archiac, Bulletin, tom. x. j and Prestwich, Greol. Quart. Joum., 1847, p. 377. 
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M. Deshajes as an example of the changes which certain species 
underwent in the successive stages of their existence. It seems that 
different varieties of the Cardium porulosum are characteristic of 
different formations. In the Soissonnais this shell acquires but a 
small volume, and has many peculiarities, which disappear in the 
lowest beds of the calcaire grossier. In these the shell attains its 
full size, with many distinctive characters, which are again modified 
in the uppermost l^ds of the calcaire grossier ; and these last modi- 
fications of form are preserved throughout the ** upper marine (or 
Lower Miocene) series.* 

LOWER eocene FORMATIONS OP FRANCE. 

ArgUe plastique (C. 2., p. 295.). — At the base of the tertiary system 
in France are extensive deposits of sands, with occasional beds of clay 
used for pottery, and called “ argile plastique.” Fossil oysters ( Ostrea 
bellovacina) abound in some places, and in others there is a mixture 
of fluviatile shells, such as Cyrena cuneiformis (fig. 262. p. 293.), 
Melania inquinata (fig. 263.), and others, frequently met with in 
beds occupying the same position in the valley of the Thames. 
Layers of lignite also accompany the inferior clays and sands. 

Immediately upon the chalk at the bottom of all the tertiary strata 
in France there generally is a conglomerate or breccia of rolled and 
angular chalk-flints, cemented by siliceous sand. These beds appear 
to be of littoral origin, and imply the previous emergence of the 
chalk, and its waste by denudation. In the year 1855, the tibia and 
femur of a large bird equalling at least the ostrich in size were 
found at Meudon, near Paris, at the base of the Plastic clay. This 
bird, to which the name of Gastomis Parisiensis has been assigned, 
appears, from the Memoirs of MM. Hebert, Lartet, and Owen, to 
belong to an extinct genus. Professor Owen refers it to the class of 
wading land birds rather than to an aquatic species.^ 

That a formation so much explored for economical purposes as 
the Argile Plastique around Paris, and the clays and sands of corre- 
sponding age near London, should never have afiforded any vestige 
of a feathered biped previously to the year 1855, shows what dili- 
gent search and what skill in osteological interpretation are required 
before the existence of birds of remote ages can be proved by more 
decisive evidence than their footprints. 

Sables de Bracheux (C. 3., p. 295.). — The marine sands called the 
Sables de Bracheux (a place near Beauvais), are considered by M. 
Hebert to be older than the Lignites and Plastic clay, and to coincide 
in age with the Thanet Sands of England. At La Fere, in the 
Department of the Aisne, in a deposit of this age, a fossil skull has 
been found of a quadruped called by Blainville Arctocyon primcevus^ 
and supposed by him to be related both to the bear and to the 


♦ Ooquillefi caracteristiques des Terrains, 1831. 
t Quart. GeoL Joum., voL adi p. 204., 1856. 
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Kinkajott {CeredepUs), This ereatore appears to be the oldest 
known tertiary mammifer. ' 

Nummulitic formation of Europe^ Asia, fyc — ^When I visited 
Belgium and French Flanders in 1851, with a view of comparing 
the tertiary strata of those countries with the English series, 1 
found that all the beds between the Lower Miocene or Limburg 
formations and the Lower Eocene or London clay proper, might 
be conveniently divided into three sections, distinguished, among 
other palmontological characters, by three different species of num- 
mulites, N. variolaria in upper beds, N, Icevigata in the middle, 
and N* planulata in the lower. After I had adopted this classifica- 
tion, I found, what I had overlooked or forgotten, that the super- 
position of these three species in the order here assigned to them 
had been previously recognized in the North of France, in 1842, by 
Viscount d’Archiac. The same author, in the valuable monograph 
published by him in 1853*, has observed that a somewhat similar 
distribution of these and other species in time, prevails very widely 
in the South of Franco and in the Pyrenees, as well as in the Alps 
and Apennines, and in Istria — the lowest nummulitic beds being 
characterized by fewer and smaller species, the middle by a greater 
number and by those which individually attain the largest dimen- 
sions, and the uppermost beds again by small species. 

In the treatise alluded to, M. d’Archiac describes no less than 
fifty-two species of this genus, and considers that they are all of 
them characteristic of those tertiary strata which I have called 
Middle Eocene. In very few instances at least do certain species 
diverge from this narrow limit, whether into incumbent or subjacent 
tertiary formations, one or two species only, of which Nummulites 
intermedia^ also a Middle Eocene form, is an example, ascend into 
the Lower Miocene, but it seems doubtful whether any of them 
descend to the level of the London clay. Certainly they have never 
been traced so low down as the marine beds, coeval with the Plastic 
clay or Lignite, in any country of which the geology has been well 
worked out. This conclusion is a very unexpected result of recent 
enquiry, since for many years it was a matter of controversy 
whether the nummulitic rocks of the Alps and Pyrenees ought not 
to be regarded as cretaceous rather than Eocene. The late M. Alex. 
Brongniart first declared the specific identity of many shells of the 
marine Eocene strata near Paris, and those of the nummulitic forma- 
tion of Switzerland, although he obtained these last from the summit 
of the Diablerets, one of the loftiest of the Swiss Alps, which rises 
more than 10,000 feet above the level of the sea. 

The nummulitic limestone of the Alps is often of great thickness, 
and is immediately covered by another series of strata of dark- 
coloured slates, marls, and fucoidal sandstones, to the whole of 
which the provincial name of “flysch” has been given in parts 
of Switzerland. The researches of Sir Roderick Murchison in the 


* Animaux Foss, du Groupe nummul. de I’lnde. Paris, 1853. 
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in 1S47 have shown that all iheoe tertiary strata enter into 
the disturbed and loftiest portion of the Alpine ohain» to the 
upheaval of which they enable us therefore to assign a compara- 
tively modem date. 

The nommuhtic formation, with its characteristio fossils, plays 
a far more conspicuous part than any other tertiary group in the 
solid framework of the earth’s crust, whether iu Europe, Asia, or 
Africa. It often attains a thickness of many thousand feet, and 
extends from the Alps to the Carpathians, and is in full force in the 
north of Africa, as, for example, in Algeria and Morocco. It has 
also been traced from Egypt, where it was largely quarried of old 
for the building of the Pyramids, into Asia Minor, and across Persia 
by Bagdad to the mouths of the Indus. It occurs not only in Cutch, 
but in the mountain ranges which separate Scinde from Persia, and 
which form the passes leading to Caboul ; and it has been followed 
still farther eastward into India, as far as eastern Bengal and the 
frontiers of China. 


Fig. m. 



Summulitn Putchf, D’Archlac. Peyrehoradp, PyrenMW. 

a, external curface of one of Che tiuinniulitei, of which JongiltuiiDttl lectioni tre leen in thO' 

limeitone. 

b. transverse section of same. 


Dr. T. Thompson found nummulites at an elevation of no less than 
16,500 feet above the level of the sea, in Western Thibet. 

One of the species, which I myself found very abundant on the 
flanks of the Pyrenees, in a compact crystalline 
marble (fig. 271.) is called by M. d’Archiac Num- 
mulite$ Puschi, The same is also very common in 
rocks of the same age in the Carpathians. 

Another large species (see fig. 272.), Nummuliteji 
exponens, J. Sow., occurs not only in the South of 
France, near Dax, but in Germany, Italy, Asia 
Minor, and in Cutch ; also in the mountains of 
Sylbet, on the frontiers of China. 

In many of the distant countrie.s above alluded “ 
to, in Cutch, for example, some of the same shells, such as Neriia 
conoidea (fig, 269.), accompany the nummulites, as in France. 

The opinion of many observers, that the Nummulitic formation 
belongs partly to the cretaceous era, seems chiefly to have arisen 
from confounding an allied genus, Orbitoides, with the true Num- 
mulite. 


Fig. 372. 
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When we here once arrived at the conviction that the nommulitic 
formation occupies a middle place in the Eocene series, we are 
Btmck with the comparatively modem date to which some of the 
frreatest revolutions in the physical geography of Europe, Asia, and 
Northern Africa must be referred. All the mountain chains, such 
as the Alps, Pyrenees, Carpathians, and Himalayas, into the compo- 
sition of whose central and loftiest parts the nummulitic strata 
enter bodily, could have had no existence till after the Middle Eocene 
period. During that period the sea prevailed where these chains 
now rise, for nummulites and their accompanying testacea were un- 
questionably inhabitants of salt water. Before these events, com- 
prising the conversion of a wide area from a sea to a continent, 
England had been peopled, as I before pointed out (p. 292.), 
various quadrupeds, by herbivorous pachyderms, by insectivorous 
bats, and by opossums. 

Almost all the extinct volcanoes which preserve any remains ot 
their original form, or from the craters of which lava streams can 
be traced, are more modern than the Eocene fauna now under con- 
sideration ; and Ijesides these superficial monuments of the action ot 
heat, Plutonic influences have worked vast changes in the texture ot 
rocks within the same period. Some members of the nummulitic 
and overlying tertiary strata called fiyscK have actually been con- 
verted in the central Alps into crystalline rocks, and transformed 
into marble, quartz-rock, mica-schist, and gneiss.^ 

EOCENE STRATA IN THE UNITED STATES. 

In North America the Eocene formations occupy a large area 
bordering the Atlantic, which increases in breadth and importance 
as it is traced southwards from Delaware and Maryland to Georgia 
and Alabama. They also occur in Louisiana and other states both 
east and west of the valley of the Mississippi. At Claiborne in 
Alabama, no less than four hundred species of marine shells, with 
many echinoderms and teeth of fish, characterize one member of 
this system. Among the shells, the Cardita planicosta^ before men- 
tioned (fig. 23d. p. 286.), is in abundance ; and this fossil and some 
others identical with Eliropean species, or very nearly allied to them, 
make it highly probable that the Claiborne beds agree in age with 
the central or Bracklesham group of England, and with the calcaire 
grossier of Paris.! 

Higher in the series is a remarkable calcareous rock, formerly 
called ‘‘the nummulite limestone,” from the great number of discoid 
bodies resembling nummulites which it contains, fossils now re- 
ferred by A. d’Orbigny to the genus Orbitoides^ which has been 

* Murchison, Quart Joum. of Geol. t Sec paper by the Author, Quart 
Soc., vol V,, and Lyell, vol. vi. 1850. Journ. GeoL Soc.,vol. iv. p. 12. ; andSe- 
Anniversary Address. coud Visit to the U. S., toL iL p, 69. 
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demonstrated by Dr. Carpenter to belong to the foraminifbta.* 
That naturalist, moreover, is of opinion that the Orbitoides alluded 
to ( 0. Manielli) is of the same species as one found in Cutch in the 
Middle Eocene or nummulitic formation of India. The following 
section will enable the reader « to understand the position of three 
subdivisions of the Eocene series. Nos. 1, 2, and 3., the relations of 
which I ascertained in Clarke County, between the rivers Alabama 
and Tombeckbee. 


Fig. 278. 

» BHtU Hai. 



1. Sand, marl, Ac,, with niimemut foMlU. i 

2. White or rotten llme»ionp, with ZrugMon. > Eocene. 

3. Orbitoldal, or tO'Called numniiiUtlc limeiitone.’ ) 

4. Overlying formation of land and clay without foMtli. Age unknown. 


The lowest set of strata, No. 1., having a thickness of more than 
100 feet, comprise marly beds, in which the Cktrea sellwformis 
occurs, a shell ranging from Alabama to Virginia, and being a 
representative form of the Ostrea flabellula of the Eocene group of 
Europe. In other beds of No. 1., two European shells, Carditn 
planicosta^ before mentioned, and Solarium canaliculatum^ are found 
with a great many other species peculiar to America. Numerous 
corals also, and the remains of placoid fish and of rays, occur, and 
the “ swords ” (fig. 237. p. 287.), as they are called, of sword-fishes, 
all bearing a great generic likeness to those of the Eocene strata of 
England and France. 

No. 2. (fig. 273.) is a white limestone, sometimes soft and argil- 
laceous, but in parts very compact and calcareous. It contains 
several peculiar corals, and a l-rge Nautilus allied to iV ziczac ; 
also in its upper bed a gigantic cetacean, tailed Zeuglodon by 
Owen.f 

The colossal bones of this cetacean are, so plentiful in the in- 
terior of Clarke County as to be characteristic of the formation. 
The vertebral column of one skeleton found by Df. Buckley at a 
spot visited by me, extended to the length of nearly 70 feet, and not 
far off part of another backbone nearly 50 feet long was dug up. 
I obtained evidence, during a short excursion, of so many localities 
of this fossil animal within a distance of 10 miles, as to lead me to 

* Quart. Jonrn. Soc., voL tL Jonm. of Acad. Nat. ScL Fhilad., vol. i. 
p. 32. 1947. 

f See Memoir by K. W. Gibbes, 
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conclade that they must have belonged to at leaat forty distinct 
individaals. 

Prof, Owen first pointed out that this hnge animal was not rep- 
tilian, since each tooth was famished with double roots (see fig. 
274,), implanted in corresponding double sockets ; and his opinion 


r\g, m. 
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Fig. 274. Molar tootli, natural aize. 


Owen. 

Harlan. 

Fig. 275. Vertebra, reduced. 


of the cetacean nature of the fossil was afterwards confirmed by Dr. 
Wyman and Dr. R. W. Gibbes. That it was an extinct mammal 
. of the whale tribe has since been placed beyond all doubt by the 
discovery of the entire skull of another fossil species of the same 
family, having the double occipital condyles only met with in 
mammals, and the convuluted tympanic bones which are character- 
istic of cetaceans. 

Near the junction of No. 2. and the Incumbent limestone, No. 3., 
next to be mentioned, are strata characterized by the following 
shells : Spondylus dumostis {Plagiostoma dumosum, Morton), Pecten 
Poulsonij Pecten perplanusy and Ostrea cretacea. 

No. 3, (fig. 273.) is a white limestone, for the most part made 
up of the Orhitoides of D’Orbigny before mentioned (p. 307.), for- 
merly supposed to be a nummulite, and called N. Mantelliy mixed 
with a few lunulites, some small corals, and shells.* The origin, 
therefore, of this cream-coloured soft stone, like that of our white 
chalk, which it much resembles, is, I believe, due to the decompo- 
sition of these foraminifera. The surface of the country where 
it prevails is sometimes marked by the absence of wood, like our 
chalk downs, or is covered exclusively by the Juniperus Vir- 
ginianay as certain chalk districts in England by the yew tree and 
juniper. 

Some of the shells of this limestone are common to the Claiborne 
beds, but many of them are peculiar. 

It will be seen in the sectioh (fig. 273. p. 307.) that the strata 
Nos. I, 2, 3. are, for the most part, overlaid by a dense formation of 

* LFell, Quart Joam. GkoL Soc., 1847, voL iv. p. 15. 
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sand or clay wiihoot fosgUs. In some points of the bluff or cliff of 
the Alabama Rivery at Claiborne, the beds Nos. 1, 2. are exposed 
nearly from top to bottom, whereas at other points the newer forma* 
tion. No. 4., occupies the face of nearly the whole cliff. The age of 
this overlying mass has not yet been determined, as it has hitherto 
proved destitute of organic remains. 

The burr-stone strata of the Southern States contain so many 
fossils agreeing with those of Claiborne, that it doubtless belongs to 
the same part of the Eocene group, though 1 was not fortunate 
enough to see the relations of the two deposits in a continuous sec- 
tion. Mr. Tuomey considers it as the lower portion of the series. 
It may, perhaps, be a form of the Claiborne beds in places where 
lime was wanting, and where silex, derived from the decomposi- 
tion of felspar, predominated. It consists chiefly of slaty clays, 
quartzose sands, and loam, of a brick-red colour, with layers of 
cellular chert or burr-stone, used in some places for mill-stones. 
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CHAPTER XVII. 

CRETACEOtTS GROUP. 

Lapse of time between the Cretaceous and Eocene periods— Whether certain 
formations in Belgium and France are of intermediate age — Bisoluic limestone 
— Divisions of the Cretaceous series in North-Western Europe — Maestricht 
beds — Chalk of Faxoe — White ^halk — Its geographical extent and origin — 
Formed in an open and deep sea — How far derived from shells and corals — 
A similar rock now in progress in the depths of the Atlantic made up of Globi- 
gerinffi — Origin of Flint in Chalk — Siliceous Diatomaceie of the Atlantic — 
By what intermittent action the alternate layers of white chalk and flint may 
have been caused — Pot-stones of Horstead — Isolated pebbles of quartz and 
foreign rocks in chalk — Fossils of the Upper Cretaceous rocks — Echinoderms, 
Mollusca, Bryozoa, Sponges — Upper Greensand and Gault— Blackdown beds 
— Flora of the Upper Cretaceous period — Fossil plants of Aixda-Cliapelle — 
Large proportion of Dicotyledonous Angiosperms — Their co-existence with 
large extinct genera of reptiles — Chalk of South of Europe— Hippu rite lime- 
stone — Cretaceous rocks of the United States. 

Having treated in the preceding chapters of the tertiary strata, we 
have next to speak of the uppermost of the secondary groups, com- 
monly called the chalk or the cretaceous strata, from creta^ the Latin 
name for that remarkable white earthy limestone, which constitutes 
an upper member of the group in those parts of Europe where it was 
first* studied. The marked discordance in the fossils of the tertiary, 
as compared with the cretaceous formations, has long induced many 
geologists to suspect that an indefinite series of ages elapsed between 
the respective periods of their origin. Measured, indeed, by such a 
standard, that is to say, by the amount of change in the Fauna and 
Flora of the earth effected in the interval, the time between the 
Cretaceous and Eocene may have been as great as that between the 
Eocene and Recent periods, to the history of which the last seven 
chapters have been devoted. Several fragmentary deposits have 
been met with here and there, in the course of the last half century, 
of an age intermediate between the white chalk and the plastic clays 
and sands of the Paris and London districts, monuments which have 
the same kind of interest to a geologist which certain mediaeval 
records excite when we study the history of nations. For both of 
them throw light on ages of darkness, preceded and followed by 
others of which the annals are comparatively well known to us. 
But these newly-discovered records do not fill up the wide gap, some 
of them being closely allied to the Eocene, and others to the Creta- 
ceous type, while none appear as yet to possess so distinct and cha- 
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racteristic a fauna as may entitle them to bold an independent place 
in the great chronological series. 

Among the formations alluded to, the Thanet Sand^ of Preatwich 
have been sufficiently described in the last chapter, and classed as 
Lower Eocene. To the same tertiary series belong the Belgian 
fonnations, called by Professor Dumont, Landeiiian and Heersian, 
although the latter may be of higher antiquity than the Thanet 
Sands. On the other hand, the Maestricht and Faxoe limestones 
are very closely connected with the chalk, to which also the Piso- 
litic limestone of France has been referred by high authorities. 

The Lower Landeniau beds of Belgium consist of marls and sands, 
often containing much green earth, called glauconite. They may be 
seen at Tournay, and at Angres, near Mons, and at Orp~le-Grand, 
Lincent, and Landen in the ancient province of Hesbaye, in Belgium, 
where they supply a durable building-stone, yet one so light as to bo 
easily transported. Some few shells of the genus Pholadomya^ 
Scalariay and others, agree specifically with fossils of the Thanet 
Sands ; but most of them, such as Astarte incsquilateray Nyst, are 
peculiar. In the building-stone of Orp-le-Grand, I found a C«r- 
diastevy a genus which, according to Professor E. Forbes, was pre- 
viously unknown in rocks newer than the cretaceous. 

Still older than the Lower Landenian is the marl, or calcareous 
glauconite, of the village of Heers, near Warerame, in ‘Belgium ; also 
seen at Marlinne in the same district, where I have examined it. 
It has been sometimes classed with the cretaceous series, although 
as yet it has yielded no forms of a decidedly cretaceous aspect, such 
as Ammonite, Baculite, Beleranite, Ilippurtte, &c. The species of 
shells are for the most part new ; but it contains, according to M. 
Hebert, Pholadomya cuneatay an Eocene fossil, and he assigns it 
with confidence to the tertiary series. 

Pisolitic limestone of France — Geologists have been still more at 
variance respecting the chronological relations of this rock, which is 
met with in the neighbourhood of Paris, and at places north, soutli, 
east, and west of that metropolis, as between Vertus and Laversines, 
Meudoii and Montereau. It is usually in the form of a coarse 
yellowish or whitish limestone, and the total thickness of the series 
of beds already known is about 100 feet. Its geographical range, 
according to M. Hebert, is not less than 45 leagues from east to 
west, and 35 from north to south. Within these limits it occurs in 
small patches only, resting unconformably on the wdjite chalk. It 
was originally regarded as cretaceous by M. E. de Beaumont, on the 
ground of its having undergone, like the white chalk, extensive 
denudation previous to the Eocene period ; but many able palaeon- 
tologists, and among others MM. C. d’Orbigny, Deshayes, and 
d’Archiac, disputed this conclusion, and, after enumerating 54 
species of fossils, declared that their appearance was more tertiary 
than cretaceous. More recently, M. Hubert, having found the Pecten 
quadricostatuSy a cretaceous species, in this same pisolitic rock* at 
Montereau near Paris, and some few other fossils conunon to the 
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Maestricbt chalk, and to the Baculite limestone of the CJotentin, in 
Normandj, classed it as an upper member of the cretaceous group, 
an opinion since adopted by M. Alcide d’Orbigny, who has carefully 
examined the fossils. The Nautilut DanicuSy hg. 278., and two or 
three other species found in this rock, are frequent in that of Faxoe 
in Denmark, but as yet no Ammonites, Hamites, Scaphites, Turru- 
lites, Baculites, oi Hippurites have been met with. The proportion 
of peculiar species, many of them of tertiary aspect, is confessedly 
large ; and great aqueous erosion suffered by the white chalk, before 
the pisolitic limestone was formed, affords an additional indication of 
the two deposits being widely separated in time. The pisolitic 
formation, therefore, may eventually prove to be somewhat more 
intermediate in date between the secondary and tertiary epochs than 
the Maestricht rock. 

It should, however, be observed, that all the above-mentioned 
strata, from the Thanet Sands to the Pisolitic limestone inclusive, 
and even the Maestricht rock, next to be described, exhibit marks 
of denudation experienced at various dates, subsequently to the 
consolidation of the white chalk. This fact helps us in some degree 
to explain the remarkable break in the sequence of European rocks, 
between the secondary and tertiary eras, for many strata which once 
existed have doubtless been swept away. 

CLASSIFICATION OF THE CRETACEOUS ROCKS. 

The cretaceous group^ias generally been divided into an Upper 
and a Lower series, each of them comprising several subdivisions, 
distinguished by peculiar fossils, and sometimes retaining a uniform 
mineral character throughout wide areas. The Upper series is often 
called familiarly the chalky and the Lower the greensandy the last- 
mentioned name being derived from the green colour imparted to 
certain strata by grains of chloritic matter. The following table 
comprises the names of the subdivisions most commonly adopted : — 

UPrER CRETACEOUS. 

A. 1. Maestricht bods and Faxoe limestones. 

2. White chalk with flints. 

3. Chalk marl, or grey chalk slightly argillaceous. 

4. Upper Greensand, occasionally with beds of chert, and with chloritic marl 

(craie cblorit6e of French authors) in the upper portion. 

5. Gault, including the Blackdowu beds. 

LOWER GRETACB0I78 (or Neocomian), 

B. 1. Lower Greensand-^green sand, iron sand, clay, and occasioned beds of 

limsstone (Kentish Rag). 

2. Wealden beds or Weald clay and Hastings sands.* 

* M. Alcide d’Orbigny, in bis valuable work entitled Fal4onto1o|?i6 Fran^aise, 
has adopted new terms for the French Bubdivisions of the Cretaceous Series, 
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Maeitrichi Beds, — On the banks of the Meuse, at Maestricht, 
reposiug on ordinary white chalk with flints, we And an upper cal* 
careous formation about 100 feet thick, the fossils of which are, on 
the whole, very peculiar, and all distinct from tertiary species. Some 
few are of species common to the inferior white chalk, among which 
may be mentioned Belemnites mucronaitts (fig. 290. p. 323.) and 
Penten quadricostatus, a shell regarded by many as a mere variety of 
P, guinquecostatus (see fig. 305. p. 325.). Besides the Belcmnite there 
are other gmera, such as Baculite and Hamite, never found in strata 
newer than the cretaceous, but frequently met with in these Maes- 
tricht beds. On the other hand, Voluta^ Fasciolaria, and other 
genera of univalve shells, usually met with only in tertiary strata, 
occur. 

The upper part of the rock, about 20 feet thick, as seen in St. 
Peter’s Mount, in the suburbs of Maes trie ht, abounds in corals and 
Bryozoa, often detachable from the matrix ; and these beds are 
succeeded by a soft yellowish limestone 50 feet thick, extensively 
quarried from time immemorial for building. The stone below is 
whiter, and contains occasional nodules of grey chert or chalcedony. 



Mosaiourus Camperi. Original more than three feet long. 


M. Bosquet, with whom I examined this formation (August, 1850), 
pointed out to me a layer of chalk from two to four inches thick, 
containing green earth and numerous enci^nital stems, which forms 

which, 80 far as they can be made to tally with English equivaleiiU, seem ex- 
plicable thus : — 

^l^tage Danien. Maestricht beds. 

— Senonien. White chalk, and chalk marl. 

— Turonien. Fart of the chalk marL 

— C^nomanien. Upper Greensand. 

— Albien. <^’aalt. , 

— Aptien. Upper part of Lower Greensand# 

i-- * N^ocomien. Lower part of same. 

— . N^comien 

iaferienr. Wealden beds and contemporaneous marine strata. 
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the line of demarcation between the strata containing the fossils 
peculiar to Maestricht and the white chalk below. The latter is 
distinguished by regular layers of black dint in nodules, and by 
several shells, such as Terebratula carnea (see fig. 301.), wholly 
wanting in beds higher than the green band. Some of the organic 
remains, however, for which St. Peter’s Mount is celebrated, occur 
both above and below that parting layer, and, among others^ the 
great marine reptile called MoMasaurui (see dg. 276.), a saurian 
supposed to have been 24 feet in length, of which the entire skull 
and a great part of the skeleton have been found. Such remains 
are chiefly met with in the soft freestone, the principal member of 
the Maestricht beds. Among the fossils common to the Maestricht 
and white chalk may be instanced the echinoderm, fig. 277. 

I saw proofs of tiie previous denudation of the white chalk ex- 
hibited in the lower bed of the Maestricht 
formation in Belgium, about 30 miles S.W. 
of Maestricht, at the village of Jendrain, 
where the base of the newer deposit con- 
sisted chiefly of a layer of well-rolled, 
black, chalk-flint pebbles, in the midst 
of which perfect specimens of Thecidea 
radians and Belemnites mucronatus are 
embedded. 

Chalk of Faxoe , — In the island of 
Seeland, in Denmark, the newest mem- 
ber of the chalk series, seen in the sea-cliffs at Steven sklint resting 
on white chalk with flints, is a yellow limestone, a portion of which, 
at Faxoe, where it is used as a building-stone, is composed of corals, 
even more conspicuously than is usually observed in recent coral 
1 eefs. It has been quarried to the depth of more than 40 feet, but 
its thickness is unknown. The embedded shells are chiefly casts, 
many of them of univalve mollusca, which are usually very rare in 


Fig. 277. 



lU*tmpnr nates radtat Ag. 
radintus^ 

Chalk ol MuPHtricht and white 
chalk. 


Fig. 27«. 



the whitd chalk of Europe. Thus, there are two species of (7y/)rt®a, 
one of OlivQy two of Mitra, four of the genus Ceritkium^ six of 
Fususy two of TrochuSf one Paiellay one Emarginulay &c. ; on the 
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whole, more than thirty univalves, spiral or patelUform. At the 
same time, some of the accompanying bivalve shells, echinoderms, 
and zoophytes are specificiUly identical with fossils of the true Cre* 
taceoos series. Among the cephalopoda of Faxoe may be mentioned 
BaculUes Faujksii and Belemnites mueronaiuSy shells of the white 
chalk. The Nautilug Uanicus (see fig. 278.) is characteristic of this 
formation ; and it also occurs in France in the calcaire pisolitique 


of Laversin (Department of Oise). 

The claws and entire skull of a small crab, Bra* 
chyurut r«^on<r(Schlottheim), are scattered through 
the Faxoe stone, reminding us of similar crusta- 
ceans enclosed in the rocks of modern coral reefs. 
Some small portions of this coralline formation 
consist of white earthy chalk ; it is therefore clear 
that this substance must have been produced simul- 
taneously — a fact of some importance, as bearing 
on the theory of the origin of white chalk ; for the 
decomposition of such corals as we see at Fnxoe is 
capable, we know, of forming white mud, uudistin- vj 
guishable from chalk, and which we may suppose | 
to have been dispersed far and wide through tlie ° 
ocean, in which such reefs as that of Faxoe grew. I 

White chalk (see Tab., p. 312. et aeq .). — The * 
highest beds of chalk in England and France con- I 
sist of a pure, white, calcareous mass, usually too | 
soft for a building-stone, hut sometimes passing 5 
into a more solid state. It consists, almost purely, 3 
of carbonate of lime ; the stratification is often oh- » 
scure, except where rendered distinct by iuterstra- | 
tified layers of flint, a few inches thick, occasionally % 
in continuous beds, but oftener in nodules, and re- ^ 
earring at intervals from two to four feet distant “ 
from each other. ^ 

This upper chalk is usually succeeded, in the | 
descending order, by a great mass of white chalk " 
without flints, below wliich comes the chalk mail, 
in which there is a slight admixture of argillaceous 
matter. The united thickness of the three divi- 
sions in the south of England equals, in some places, 
1000 feet. 

The annexed section (fig. 279.) will show the 
manner in which the white chalk extends from 
England into France, covered by the tertiary 
strata described in former chapters, and reposing 
on lower cretaceous beds. 



Geographical * extent and origin of the White Ckalks—The area 
over which the white chalk preserves a nearly homogeneous aspect 
is so vast, that the earlier geologists despaired of discovering any 
analogous deposits of recent date. Pure chalk, of nearly uniform 
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aspect and compositioD» i» met with in a north-west and south-east 
direction, from the north of Irehmd to the Crimea, a distance of 
about 1140 geographical miles, and in an opposite direction it ex- 
tends from the south of Sweden to the south of Bordeaux, a distance 
of about 840 geographical miles. In Southern Russia, according to 
Sir R. Murchison, it is sometimes 600 feet thick, and retains the 
same mineral character as in France and England, with the same 
fossils, including Inoceramus Cuvieri^ Belemnites mucronattts^ and 
Oitrea vesicularis. 

But it would be an error to imagine that the chalk was ever 
spread out continuously over the whole of the space comprised within 
these limits, although it prevailed in greater or less thickness over 
large portions of that area. On turning to those regions of the 
Pacific where coral reefs abound, we find some archipelagoes of 
lagoon islands, such as that of the Dangerous Archipelago, for 
instance, and that of Radack, with several adjoining groups, which 
are from 1100 to 1200 miles in length, and 300 or 400 miles broad ; • 
and the space to which Flinders proposed to give the name of the 
Coralline Sea is still larger, for it is bounded on the east by the 
Australian barrier — all formed of coral rock — on the west by New 
Caledonia, and on the north by the reefs of Louisiade. Although 
the islands in these areas may be thinly sown, the mud of the decom- 
posing zoophytes and foraminifera may he scattered far and wide 
by oceanic currents. That this mud would sometimes resemble chalk 
1 have already hinted, when speaking of the Faxoe limestone, p. 314., 
aud it was also remarked in an early part of this volume, that even 
some of that chalk, which appears to an ordinary observer quite 
destitute of organic remains, is nevertheless, when seen under the 
microscope, full of fragments of corals, bryozoa, and s{K)nges ; to^ 
gether with the valves of entomostraca, the shells of foraminifera, 
and still more minute infusoria. (See p. 26.) 

Now it had been often suspected, before these discoveries, that 
white chalk might be of animal origin, even where every trace of 
organic structure had vanished. This bold idea was partly founded 
on the fact, that the chalk consisted of carbonate of lime, such as 
would result from the decomposition of testacea, echini, and corals ; 
and partly on the passage observable between these fossils when half 
decomposed and chalk. But this conjecture seemed to many natural- 
ists quite vague and visionary, until its probability was strengthened 
by new evidence brought to light by modern geologists. 

We learn from Captain Nelson that, in the Bermuda Islands, and 
in the Bahamas, there are many basins or lagoons almost surrounded 
and enclosed by reefs of coral. At the bottom of these lagoons a 
soft white calcareous mod is formed, not merely from the comminu- 
tion of corallines (or calcareous plants) and corals, together with the 
exuviae of foraminifera, mgllusks, echinoderms, and crustaceans, but 
also, as Mr. Darwin observed upon studying the coral islands of the 
Pacific,* from the faecal matter qjected by echinoderms, conchs, and 
ooral-eating fish. In the West Indian seas, the conch {Strombus gigas) 
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adds largely to the chalky mud by meana of its fincal pellets eotD«» 
posed of mimite grains of soft calcareous matter, exhibiting some 
organic tissue. Mr. Darwin describes gregarious fishes of the genns 
ScaruSy seen through the clear waters of the coral regions of the 
Pacific browsing quietly in great numbers on living corals, like 
grazing herds of graminivorous quadrupeds. On opening their 
bodies, their intestines were found to be filled 
with impure chalk. This circumstance is the 
more in point, when we recollect how the 
fossilist was formerly puzzled by meeting, in 
chalk, with certain bodies, called “larch- 
cones,” which were afterwards recognized by 
Dr, Buckland to be the excrement of fish. 

Such spiral coprolites (fig. 280.), like the scales 
and l>one8 of fossil fish in the chalk, are com- CoproUtei offish, from the 
posed chiefly of phosphate of lime. 

In the Bahamas, the angel-fish, and the unicorn or trumpet-fish, 
and many others, feed on shellfish, or on corals. 

The mud derived from the sources above mentioned may be actu- 
ally seen in the Mai diva Atolls to be washed out of the lagoons 
through narrow openings leading from the lagoon to the ocean, and 
the waters of the sea are discoloured by it for some distance. When 
dried, this mud is very like common chalk, and might probably be 
made by a moderate pressure to resemble it still more closely.* 

Mr. Dank, when describing the elevated coral reef of Oahu, in the 
Sandwich Islands, says that some varieties of the rock consist of 
aggregated shells, embedded in a compact calcareous base as firm in 
texture as any secondary limestone ; while others are like chalk, 
having its colour, its earthy fracture, its soft homogeneous texture, 
and being an equally good writing material. The same author de- 
scribes, in several growing coral reefs, a similar formation of modern 
chalk, undistinguishable from the ancient. f The extension, over a 
wide submarine area, of the calcareous matrix of the chalk, as well 
as of the embedded fossils, would take place more readily in conse- 
quence of the low specific gravity of the shells of mollusca and zoo- 
phytes, when compared with ordinary sand and mineral matter. The 
mud also derived from their decomposition would be much lighter 
than argillaceous and inorganic mud, and very easily transported by 
currents, especially in salt water. 

But the analogy of existing eoral reeftr would better illustrate such 
formations as the Oolitic limestones, to be described in Chapters XX. 
and XXI., which consist in great part of compact rock, than the soft 
and unconsolidated white chalk. A new light has recently been 
thrown upon the origin of the latter deposit by the deep soundings 
made in the North Atlantic, previous to laying down, in 1858, the 
electric telegraph between Ireland and Newfoundland. At depths 

• gee Nelson, GeoL Trans., 1 837, vol.T. f 

p. 108.; and GeoL Quart. Journ., 1853, p. 252. 1849. 

p. 200. 



318 


AKllCAL OtLiam OF WHITE CHALK. [Ch. XVIL 

mmetimeB exceeding two miles, tlie mud forming the floor of the 
ocean was found, when examined bj Professor Huxley, to be almost 
entirely composed (more than nineteen-twentieths of the whole) of 
minute Bhizopods, or foraminiferoos shells of the genus GlobigertMa^ 
especially the species Globigerina bvUoides (see fig. 281.). In the 
remainder of the mud the organic bodies next in quantity were the 
siliceous shells called PolycysHne^e^ and next to them the siliceous 
skeletons of plants called Diatomaeeas (figs. 282, 283, 284.), and 
occasionally some siliceous spiculas of sponges (fig. 285.), were inter- 
mixed. 

Fig.Ml. Fig.m Fig. 383. Fig. 284. Fig. 285. 



Organic l>odlef forming the oo*e of the bed of the Atlantic at great deptht. 

Fip. *i81 . OlobieftiM buihides. Calcareout Rbixopixi. 

282. Actinocyclat ) 

Ptnnttintia > SiJiceous Dkttornt* 

384. EunoUa bidm$ > 

285. Sptcula of iponge. Siliceous sponge* 

In 1860, shells of the same Globigerina were observed by Sir 
Leopold MacClintoch and Dr. Wallich, during the cruise of the 
Bulldog,” to form, over other wide areas of the Atlantic, a propor- 
tion of about 95 per cent, of the mud, both between the Faroe Islands 
and Iceland, and between Iceland and Greenland. The consistency 
of the ooze brought up from great depths in these areas is described 
as akin to that of putty. On the surface were found living Globi- 
gerinie, while immediately below were countless calcareous grains, 
the relics of bygone generations. Each of these grains, as will be 
seen by the magnified drawing, instead of being solid, consists of a 
collection of cells, and as similar Globigerinae form a large part of 
the white chalk, their structure, as Mr. Dana has well observed, 
helps us to understand the imperfect aggregation of that remarkable 
rock. At the same time the continued growth of these Rhizopods 
over a wide extent of deep ocean enables us to conceive how formerly 
in European areas a vast thickness of cretaceous limestone, very 
uniform in composition and devoid of sand, pebbles, terrestrial and 
freshwater plants and shells, and ail other signs of a neighbouring 
continent, may have been formed. That white chalk is now form- 
ing in the depths of the ocean, may now be regarded as an aeoer« 
tained fact, because the Globigerina buUoides is specifically undie- 
tinguishable Jfrom a fossil which constitutes a large portion of the 
chalk of Europe. It is not figured (p. 26.) among the cretaceous 
foraminifera discovered by Mr. Lonsdale in 1835, because it occurs 
for the most part in fragments in the white chalk, and the perfect 
shell was not well understood before it was obtained living fronf the 
bed of the Atlantic. The Bosalina figured in the same page some- 
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what resembles externally a Globigerina, but it difiers in the 
arrangement of its cells. 

Chalk Flints , — The origin of the layers of flint, whether in con- 
tinuous sheets or in the form of nodules, has always been found 
more difficult to account for than that of the white chalk. In 
modem coral reefs no such siliceous masses are known to be forming 
But here again the late deep-sea soundings have suggested a very 
probable source of such mineral matter. During the cruise of the 
“ Bulldog,” already alluded to, it was ascertained that while the 
calcareous Globigeritue had almost exclusive possession of certain 
tracts of the sea-bottom, they were wholly wanting in others, as 
between Greenland and Labrador. Dr. Wallich supposes that they 
flourish in those spaces where they may derive nutriment from or- 
ganic and other matter, brought from the south by the warm waters 
of the Gulf Stream, and that they may be absent where the eflTocts 
of that great current are not felt. In several of the spaces where 
the calcareous Rhizopods are wanting, the microscopic plants 
called DiatomacecB, before mentioned (figs. 282. 284.), the solid 
parts of which are siliceous, monopolize the ground at a depth of 
nearly 400 fathoms, or 2400 feet. 

Mr. Dana also has reminded us that in the soundings made in the 
Sea of Kamtschatka Professor Bailey found the same microscopic 
vegetable organisms in as great profusion as are the Globigerin® 
in the Atlantic, and he adds that when such Diatomace® decom- 
pose, the alkaline waters of the ocean can take up and hold in solu- 
tion only a minute portion of the silica set free, so that an oppor- 
tunity would be given for the remainder to form concretionary 
nodules, or to aggregate round any foreign body as a nucleus, 
especially when such a body is undergoing chemical change or de- 
composition. This would explain the frequent occurrence of fossils 
within nodules of flint, and the silicification of various organisms.* 
In some parts of the southern hemisphere likewise, as Captain 
Maury observes, in lat. 13® S., long. 16® E., for example, siliceous 
Diatomace® and sponge spicules are the predominant forms instead 
of calcareous Rhizopods. 

If it be asked how the Diatomace® above alluded to can obtain a 
constant supply of silex in solution, I may remind the reader of the 
decomposition of felspathic rocks mentioned above (p. 42.) as a 
copious source of that mineral. Almost all the great rivers which 
flow into the ocean must contain some of it, and springs charged 
with silex in solution must rise up in many parts of the bed of the 
ocean as they do on dry land. 

Dr. Buckland endeavoured formerly to account for the recun*ence, 
at so many distinct levels, of beds of nodular or tabular flint in the 
chalk, by supposing the periodioal accumulation of widely-extended 
layers of mud, made up of calcareous and siliceous matter. When 
a stratum five or six feet or more in thickness had accumulated, its 


* Dana’s Geology p. 4Se. 
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partial consolidstion took plflce» during which the heavier stlex sank 
to the bottom, forming nodulea, or, if it was in sufficient quantity, 
continuous layers.* But the thickness of the masses of chalk inter- 
vening between some of the strata of dint has always made this 
hypothesis somewhat unsatisfactory, although such segregation of 
siliceous matter helps us to conceive how isolated and scattered 
flinty nodules may sometimes be formed in the midst of a calcareous 
matrix. To explain a regular succession of flinty layers, we must 
seek out some intermittent action, favouring alternately the deposi- 
tion of calcareous and siliceous matter. Many centuries would 
probably be required for the growth of microscopic organisms suffi- 
cient in quantity to form a bed of white clialk several feet, and 
sometimes yards, in thickne&s. We may imagine that after a lapse 
of many years or centuries, changes took place in the direction of 
the marine currents, favouring at one time a supply in the same 
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From « drawing by Mr*. Gunn. 

View of A chAlk'pit at Horttead, near Norwich, showing the position of the potitones. 


area of siliceous, and at another of calcareous matter in excess, 
giving rise in the one case to a preponderance of Globigerinas, and 
in the other of DiatomaceoB. 

A more difficult enigma is presented by the occurrence of certain 
huge flints, or potstones, as they are called in Norfolk, occurring 
singly, or arranged in nearly continuous columns at right angles to 
the ordinary and horizontal layers of small flints. I visited, in the 
year 1825, an extensive range of quarries then open on the River 
Bure, near Horstead, about six miles from Norwich, which afforded 
a continuous section, a quarter of a mile in length, of white chalk, 
exposed to the depth of twenty-six feet, and covered by a thick bed 
of gravel. The potstones, many of them pear-shaped, were usually 


♦ Gcol. Trans., Fiat Series, vol. iv. p. 413. 
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about three feet iu height aud one foot in their traosTorse diameter* 
placed in Tertical rows, like pillars at irregular distances from eacli 
other, but usually from 20 to 30 feet apart, though sometimes 
nearer together, as in the above sketch. These rows did not 
terminate downwards in any instance which I could examine, nor 
upwards, except at the point where they were cut oflT abruptly by 
the bed of graveL On breaking open the potstones, I found an in- 
ternal cylindrical nucleus of pure chalk, much harder than the 
ordinaiy surrounding chalk, and not crumbling to pieces like it, 
when exposed to the winter’s frost At the distance of half a mile, 
the vertical piles of potstones were much farther apart from each 
other. Dr. Buckland has described very similar phenomena as charac- 
terizing the white chalk on the north coast of Antrim, in Ireland.* 

These pear-shaped masses of dint often resemble in shape and size 
the large sponges called Neptune’s cups (Spongia patera^ Hardw.), 
which grow in the seas of Sumatra; and if we could suppose a series 
of such gigantic sponges to be separated from each other, like trees 
in a forest, and the individuals of each successive generation to grow 
on the exact; spot where the parent 8i)ongo died and was enveloped 
in calcareous mud, so that they should become piled one above the 
other in a vertical column, their growth keeping pace with the ac- 
cumulation of the enveloping, calcareous mud, a counterpart of the 
phenomena of the Horstead potstones might be obtained. 

Single pebbles in chalk . — The general absence of sand and pebbles 
in the white chalk has been already mentioned ; but the occurrence 
here and there, in the south-east of England, of a few isolated peb- 
bles of quartz and green schist, some of them 2 or 3 inches in dia- 
meter, has justly expited much wonder. If these had been carried 
to the spots where wo now find them by waves or currents from the 
lauds once bordering the cretaceous sea, how happened it that no 
sand or mud were transported thither at the same time? We cannot 
conceive such rounded stones to have been drifted like en'atic blocks 
by ice (see Chaps. X. and XI.), for that would imply a cold climate in 
the Cretaceous period — a supposition inconsistent with the luxuriant 
growth of large chambered univalves, numerous corals, and many 
fish, and other fossils of tropical forms. 

Now in Keeling Island, one of those detached masses of coral 
which rise up in the wide Pacific, Captain Boss found a single 
fragment of greenstone, where eve^ other particle of matter was 
calcareous : and Mr. Darwin concludes th^ it must have come there 
entangled in the roots of a large tree. He reminds us that Chamisso, 
the distinguished naturalist who accompanied Kotzebue, affirms that 
the inhabitants of the Radack archipelago, a group of lagoon islands 
in the midst of the Pacific, obtained stones for sharpening their 
instruments by searching the roots of trees which are cast up on the 
beach.f 


* Geol. Trans., First Series, voL iv. t Darwin, p. 549. Kotzebue*# First 
p. 413. “Ou Paramoudra, dtc.” Voyage, voL iii. p. 155. 

T 
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Il maj perbaps be objected, that a eimSar mode of transport 
cannot Imve happened in the cretaceous sea, because foeeii wood is 
Tery rare in the chalk. Nevertheless wood is sometimes met with, 
and ill the same parts of the chalk where the pebbles are found, both 
in soft stone and in a silicified state in dints. In these cases it has 
often every appearance of having been floated from a distance, being 
usually perforated by boring-shells, such as the Teredo and Fi$tu- 
lana."* 

The only other mode of transport which suggests itself is sea- 
weed. Dr. Beck informs me that in the Lym-Fiord, in Jutland, the 
Fucus vesiculosus^ often called kelp, sometimes grows to the height 
of 10 feet, and the branches rising from a single root form a cluster 
several feet in diameter. When the bladders are distended, the plant 
becomes so buoyant as to float up loose stones several inches in dia- 
meter, and these are often thrown by the waves high up on the 
beach. The Fucus giganteus of Solander {Macroeystes pyrifera. 
Hooker), so common in Terra del Fuego, was described by Captain 
Cook as attaining the length of 360 feet, although the stem is not 
much thicker than a man’s thumb. Dr. Hooker found the same sea- 
weed 700 feet long.f It is often met with floating at sea, with shells 
attached, several hundred miles from the spots where it grew. Some 
of these plants, says Mr. Darwin, were found adhering to large loose 
stones in the inland channels of Terra del Fuego, during the voyage 
of tlio “Beagle” in 1834; and that so firmly, that the stones were 
drawn up from the bottom into the boat, although so heavy that 
they could scarcely be lifted in by one person. Some fossil sea- 
weeds have been found in the Cretaceous formation, but none, as 
yet, of large size. 

But we must not imagine that because pebbles are so rare in the 
white chalk of England and France there are no proofs of sand, 
shingle, and clay having been accumulated contemporaneously even 
in European seas. The siliceous sandstone, called “ upper quader ” 
by the Germans, overlies white argillaceous chalk or “ planer-kalk,” 
a deposit resembling in composition and organic remains the chalk 
marl of the English series. This sandstone contains as many fossil 
shells common to our white chalk as could be expected in a sea- 
bottom formed of such diflerent materials. It sometimes attains a 
thickness of 600 feet, and, by its jointed structure and vertical preci- 
pices, plays a conspicuous part in the picturesque scenery of Saxon 
Switzerland, near Dresden. 


FOSSILS OF THE UPPER CRETACEOUS ROCKS. 

Among the fossils of the white chalk, echinoderms are very nu- 
merous ; and some of the genera, like Ananchytes (see fig. 287.), 


♦ Mantell, GeoL of S. E. of England, p. 96 . 
f Flora Antarctica, vol. il p. 464. 
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are exduaively cretaceous* Among the Crinoidea» the 
(fig. 294.) is a characteristic genus. Among the molltt8ca,the cepha- 


Fig.S87. 



Anatukifiet ovata. White chalk, upper md lower. 

а. aide view. 

б. bottom of the shell on which both the orel and anal aperturee are placed t 

the anal being more round, and at the smaller end. 


lopoda, or chambered univalves, of the genera Ammonite, Scaphite, 
Belemnite (fig. 290.), Baculite (291 — 293.), and Turrilite (296, 297.), 



with other allied forms, present a great contrast to the testacea of 
the same class in the Tertiary and Recent periods. 

Fig. 290. 


a. Belemnite* nmcronaiu*, Syn. BelemniteUa mncronata. 

d. tame, showing iuternal structure. Maestricbt, Faaoe, and white chalk. 

Fig. 291. 


BaculUe* oneep*. Upper Greensand, or chloritic marl, craie chloritH, France. 
A, d’Orb., Terr. Cr^. 


» 2 . Fig. 298 . 



Portion of Baculite* Fat^asiL 
Maastricht and Faaoe beda and white chalk. 

T 2 


Portion of Baeulfte* ancep*, 
Maastricht and Fastoe beds and w: 



324 I'ossn.s of wpek 

ni.»4. 



MarfwpUet Milleri. 
Wbttfl chalk. 

Fin. 296. 



Turrt&teif coitaius. 
Chalk. 
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SeaphHet aqwUii. Chloritie 
marl of Upp«r GreenMQd^ 
Dorietihire. 


Fig. 297. 


a 



a. frafment of T^irtlttes cottatui. 
Chalk marl. 



bf lame, thowing the foliated border 
of the partition of the chamberi. 


Among the brachiopoda in the white chalk, the Terebratulce are 
very abundant. These shells are known to live at the bottom of the 


Fig. 296. 



TerebrahiNM tMmta, 
Upper white chalk. 


Fig. 299. 



Wk^ncki^Ua 

octopltcata. 
r. of r. piicatilit,] 
Upper white chalk. 


Fig. 300. 



Magas pwhfYa, Sow. 
Upper white chalk. 


Fig. 801. 



Terebrmtula 

camea. 

Upper white chalk. 


sea, where the water is tranquil and of some depth (see figs. 298, 
299, 300, 301, 302.). With these are associated some forms of oyster 
(see figs. 309, 310, 811.), and other bivalves (figs. 303, 304, 305, 
306. 307.). 

Among the bivalve moUusca, no form marks the Cretaceous era in 
Europe, America, and India, in a more striking mwner than the 
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Fir SOI 



Terehrmtda hiplictUo^ 
Sow. Upper cretacoouf. 


Fif.nS. 



CrmiiVi P^risiftuiit 
inferior or attached 
valve. 

Upper white chalk. 


Fig. 804. 



JPftim BemrrL reduced to 
one* third eUrneier. 
Lower white chulk and chalk 
marl. Maiditone. 


extinct genus Inoceratnus ( Catillus of Lam. ; see fig. 308.), the shells 
of which are distinguished by a fibrous texture, and are often met 
with in fragments, having, probably, been extremely friable. 


Fig. 305. 



Pecten 

White chalk. Upper and 
Lower Greensands. 


Fig. 306. 



Plagiottoma Hoprri, Sow. 
Sjrn. Lima Jiopfri. 
White chalk and Upper 
Greensand. 


Fig. 807. 



Lima ipinoia. Sow. 
Syn. Spondylm ipinottu. 
Upper white chalk. 


Of the singular family called RudisteSy by Lamarck, hereafter to 
be mentioned as extremely characteristic of the chalk of Southern 


Fig.aos. Fig. 309. 



Inoceramw Lamarekii, ^ Oitrea vetieularit. Sen. Grwhaa globe 

Sjn. Calilkti Lamarekii. Upper chalk and Upper Greensaod. 

White chalk. (Dixon's Geol. Sussex, Tab. 38. 


Europe, a single representative only (fig. 312 .) has been discovered 
in the white chalk of England. 




JRadiolite$ Aforlon^JMtntetl. Houghton, Sussex. White cbilk. 

Diftineter one^setenth nat. sixe. 

Fig. 8H. Two individuals deprived of their upper valves, adhering together. 

813. Same seen from above. 

814. Transverse section of part of the wall of the shell, magnified to show the structure. 

816. Vertical section of the same. 

^ the side where the shell is thinnest, there is one external furrow and corresponding internal 
rldg^ A, figs. 312, 813; but thw are usually less prominent than in these figures. This species 
was first referred ^ Mantell to Hipfmritea, afterwards to the genus Badiolitet, 1 have never seen 
the upper valve. The specimen above figured was discovered by the late Mr. Dixon, 


With these molluscs are associated many Bryozoa, such as E$- 
charg, and Eacharina (figs. 316, 317.), which are alike marine, and. 



for tie most part, indicative of a deep sea. These and other organic 
bodies, especially sponges, such as Fentrieulites (fig. 318.), are dis- 
persed indiflferently through the soft chalk and hard flint, and some 
of the flinty nodules owe their irregular forms to enclosed sponges 
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FI(.U7. 



aHtta oifamt, 

b. part of the Mine magnified. White 
chalk. 


Flf. sia. 



Buch as fig. 319. a., where the hollows m the exterior are caused 
by the branches of a sponge, seen on breaking open the flint (fig. 
319. b.). • 


Fig. 3)0. 


* Fig. 319. 



A branching iponge in a flint, from the white chalk. 
From the collection of Mr. Bowerbaak. 


Blackdoem beda* 

The remains of fishes of the Upper Cretaceous formations consist 
chiefly of teeth of the shark family of genera, in part com&on to the 
tertiary, and partly distinct. To the latter belongs the genus 
Ptychodus (fig. 321.), which is allied to the living Port Jackson 
Shark, Cestracion PhiUippi^ the anterior teeth of which (see fig. 
322. a) are sharp and cutting, while the posterior or palatal teeth 
(6) are flat, and analogous to the fossU (fig. 321.). 
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Centrtteion Philltppi ; rwent. 

Port JiickBon. BuckUnd» Bridgewater Treatiie« PI. 27. (f. 


Rut we meet with no bones of land animals, nor any terrestrial 
or fluviatile shells, nor any plants, except sea-weeds, and here and 
there a piece drift-wood. All the appearances concur in leading 
us to conclude that the white chalk was the jiroduct of an open sea 
of considerable depth. ^ 

The existence of turtles and oviparous saurians, and of a Ptero- 
dactyl or winged lizard, found in the white chalk of Maidstone, im- 
plies, no doubt, some neighbouring land ; but a few small islets in 
mid-ocean, like Ascension, formerly so much frequented by migratory 
droves of turtle, might perhaps have afforded the required retreat 
* where these creatures laid their eggs in the sand, or from which 
the flying species- may have been blown out to sea. Of the vegetation 
of such islands we have scarcely any indication, but it consisted 
partly of cycadaceous plants; for a fragment of one of these was found 
by Capt. Ibbetson in the Chalk Marl of the Isle of Wight, and is 
referred by A. Brongniart to Clathraria Lyelliiy Man tell, a species 
common to the antecedent Wealden period. 

The Pterodactyl of the Kentish chalk, above alluded to, was of 
gigantic dimensions, measuring 16 feet 6 inches from tip to tip of its 
outstretched wings. Some of its elongated bones were at first mis- 
taken by able anatomists for those of birds; of which class no 
osseous remains have as yet been derived from the white chalk, 
although they have been found (as will be seen in the next page) 
in the Upper Gr^nsand. 

Upper Greensand (A. 4., Table, p. 31 2.).— The lower chalk without 
flints passes gradually downwards, in the south of England, into an 
argillaceous limestone, ‘Hhe chalk marl,” already alluded to, in 
which ammonites and other cephalopoda, so rare in the higher parts 
of the series, appear. This marly deposit passes in its turn into 
beds called* the Upper Greensand, containing green particles of 
sand of a chloritic mineraL In parts of Surrey, calcareous matter 
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ift largely intermixed, forming a stone called Jirestone. In tlie cliffs 
of the southern coast of tlie Isle of Wight, this upper greensand is 
100 feet thick, and contains bands of siliceous limestone and oalca* 
reous sandstone with nodules of chert. 

The Upper Greensand is regarded by Mf. Austen and Mr. D. 
Sharpe as a littoral deposit of the Chalk Ocean, and, therefore, 
contemporaneous with part of the chalk marl, and even, perhaps, 
with some part of the white chalk. For as the land went on sinking, 
and the cretaceous sea widened its area, white mud and chloritic 
sand were always forming somewhere, but the line of sea-shore wa^ 
perpetually varying its position. Hence, though both sand and 
mud originated simultaneously, the one near the land, the other far 
I'rom it, the sands in every locality where a shore became submerged 
might constitute the underlying deposit. 

Gault — The lowest member of the Upper Cretaceous group, 
usually about 100 feet thick in the S.E. of England, is provincially 
termed Gault. It consists of a dark blue marl, sometimes intermixed 
with greensand. Many peculiar forms of cephalopoda, such as the 


Fostiii of the Upper Greenland. 


Fig. 323. 


Fig. 324. 


a 


b 



a. Terebriroitra Ittra, 7 Upper Greenland. Ammonitei Rhotomnfin 

lame, men in protile. J 1; ranee. Upper Greenland. 



Fig. 32S. 



Ancfftoceroi tpimgerum^ D'Orb. Syn. Hamitei ipHiiger, Sow. Near Folkeitone. Gault 


Hamite (fig. 325.) and Scaphite^ with other fossils, characterize this 
formation, which, small as is its thickness, can be traced by its 
organic remains to distant parts of Europe, as, for example, to the 
Alps. 

The Blackdown beds in Devonshire, celebrated for containing 
many species of fossils not found elsewhere, have been commonly 
referred to the Upper Greensand, which they resemble in mineral 
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chAntcter ; but Mr. Sharpe has aoggeeted, and apparently with 
reason, that they are rather the equivalexlt of the Gault, and were 
probably formed on ^e shore of the sea, in the deeper parts of 
which the fine mud called Gault was deposited. Several Blackdown 
species are common to the Lower Cretaceous series, as, for example, 
Trigonia caudata^ fig. 834. p. 342. We learn from M. d’Archiac, 
that in France, at Mons, in the valley of the Loire, strata of green- 
sand occur of the same age as the Blackdown beds, and containing 
many of the same fossils. They are also regarded as of littoral 
origin by M. d’Archiac.^ 

The phosphate of lime, found near Famham, in Surrey, and near 
Cambridge, in such abundance as to be used largely by the agri- 
culturist for fertilizing soils, occurs in the Upper Greensand. It is 
doubtless of animal origin, and partly coprolitic, derived from the 
excrement of fish and reptiles. In this formation near Cambridge 
the late M. Louis Barrett discovered^ in 1858, the remains of a bird, 
which was rather larger than the common pigeon, and probably of 
the Order Natatores, and which, like most of the Gull tribe, had 
well-developed wings. Portions of the metacarpus, metatarsus, 
tibia, and femur have been detected, and the determinations of Mr. 
Barrett have been confirmed by Professor Owen. 


FLORA or THE UPPER CRETACEOUS PERIOD. 

As the upper cretaceous rocks of Europe are, for the most part, 
of purely marine origin, and formed in deep water far from the 
nearest shore, land-plants of this period, as we might naturally have 
anticipated, are very rarely met with. In the neighbourhood of Aix- 
la-Chapelle, however, an important exception occurs, for there 
certain white sands, 400 feet in thickness, contain the remains of 
terrestrial plants in a beautiful state of preservation. These have 
been diligently collected and studied by Dr, Debey, and as they 
afford the only example yet known of a terrestrial flora older than 
the Eocene, in which the great divisions of the vegetable kingdom 
are represented in nearly the same proportions as in our own times, 
they deserve particular attention. Dr. Debey estimates the number 
of species as amounting to more than two hundred, of which sixty- 
seven are cryptogamous, chiefly ferns, twenty species of which can 
be well determined, most of them being in fructification. The 
cicatrices on the bark of one or two are supposed to indicate tree- 
ferns. Of thirteen genera three are still existing, namely, Gleiche^ 
nta, now inhabiting the Cape of Good Hope and New Holland ; 
Lygodium^ now living in Japan, Java, and North America ; and 
AspUniuniy a cosmopolite form. Among the phsenogamous plants 
the Conifers are abundant, the most common belonging to a genus 
called Cycadopteris by Debey, and hardly separable from Sequoia 


• Hist des Progr^ de la &c., vol. iv. p. 360. 1851. 



AT AIX-I.A-<n0[AFEI.LK. 


33t 


Ck. XVIL] 

(or Wellingtonia)« of which both the cones and branches are pro* 
served. When I visited Aix, I found the silicified wood of this 
plant very plentifully dispersed through the white sands in the pits 
near that city. In one silicified trunk 200 rings of annual growth 
had been counted. Species of Araucaria like those of Australia are 
also found. Cycads are extremely rare, and of Monocotyledons there 
are but few. No palms have been recognised with certainty, but 
the genus Pandanus, or screw pine, has been distinctly made out. 
The number of the Dicotyledonous Angiosperms is tlie most striking 
feature in so ancient a flora.* 

Among them we find the familiar forms of the Oak, Fig, and 
Walnut, Qnercui^ Ficus, and Juglans, of the latter both the nuts 
and leaves ; also several genera of the Myrtaceae. But the pre- 
dominant order is the Proteace®, of which there are between sixty 
and seventy species, many of extinct genera, but some referred to 
the following living forms —Dryandra, Grevillea, Hakea, Banksia, 
Persoonia — all now belonging to Australia, and Leucospermum, 
species of which form small bushes at the Cape. 

The epidermis of the leaves of many of these Aix plants, espe- 
cially of the Proteace®, is so perfectly preserved in an envelope 
of fine clay that under the microscope the stomata, or polygonal 
cellules, can be detected, and their peculiar arrangement is identical 
with that known to characterize some living Proteacem (Grevillea, 
for example). An occasional admixture of Fucoids and Zosterites 
attests, like the shells, the presence of saltwater. 

Of insects, Dr. Debey has obtained about ten species of the 
families Curculionid® and Carabid®. 

The age of the beds containing this remarkable assemblage of 
plants was for a long time matter of dispute. They were at first 
erroneously referred to the Middle Tertiary, and afterwards to the 
Lower Cretaceous series, but they are in truth the equivalents of the 
white chalk and Chalk Marl, or S6nonien of D’Orbigny. Such was 


♦ In this and subsequent remarks on fossil plants I shall often use Dr. Lindlcy’s 
terms, as most familiar in this country ; but as those of hi. A Brongniart are 
much cited, it may be useful to geologists to give a table explaining the corre- 
sponding names of groups so much spoken of in palceontologj. 


Brongniart 

f 1. Cryptogamous am- 
phigens, or cellular 
cryptogamic. 
Cryptogamous acro- 
gens. 


H- 


3, Dicotyledonous gym- 

nosperms. 

4. Dicot Angiosperms. 


5. Monocotyledons. 


Lindlef. 


Thallogens. 

Acrogens. 

Gymnogens. 

Exogena 

Endogens. 


Lichens, sea- weeds, fungi. 

Mosses, equisetums, ferns, lyeo- 
podiums, — Lepidodendron# 


Conifers and Cycads. 

CompositsB, leguminossB, um- 
bellifer®, cnicifersB, heaths; 
Ac. All native European 
trees except conifers. 

Palms, lilies, aloes, rushes, 
grasses, Ac. 
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Ferdinimd Bdioer^s opinion in 1853*, and after examining tlie coun* 
try in 1857, leatieded myself that he was right, although the white 
siliceous sands of the lower beds, and the green grains in the tipper 
part of the formation, cause it to differ in mineral character from 
our white chalk. 

In travelling from Maestricht to Aix-la*ChapeUe, we first pass 
from the Maestricht beds to white chalk, with flints, about 300 feet 
thick, next to which, in descending order, we find chalk without 
flints, and Chalk Marl ; and below this again, greensand, which 
contains BeUmnitella mucronata (fig. 290, p. 323.), and other 
fossils, showing that it is not the equivalent of the English Upper 
Greensand. Below this are the white and yellow sands of Aix, 
about 400 feet thick, which rest immediately on ancient Devonian 
rocks, highly inclined. Some of the sand in the lower beds has 
concreted into solid masses of sandstone, like the German Quader 
Sandstein. 

Beds of fine clay, with fossil plants, and with seams of lignite 
and even perfect coal are intercalated. Floating wood, containing 
perforating shells, such as Pholas, and Gastrochoena also occur. 
There are likewise a few beds of a yellowish brown limestone, with 
marine shells, which enable us to identify the lowest with the 
highest plant-beds. Among these shells are Pecten quadricostatus^ 
and several others which are common to the upper and lower part of 
the series, and a Trigonia, called by some of the Aix naturalists 
T, alacformis^ which, as M. Bosquet pointed out to me, agrees far 
better in character with D’OrViigny’s T. limhata^ a shell of the 
white chalk. On the whole the organic remains and the geological 
position of the strata prove distinctly that in the neighbourhood of 
Aix-la-Chapelle, a gulf of the ancient cretaceous sea was bounded 
by land composed of Devonian rocks. These rocks consisted of 
quartzose and schistose beds, the first of which supplied white sand 
and the other argillaceous mud to a river which entered the sea at 
this point, carrying down in its turbid waters much drift-wood and 
the leaves of plants. Occasionally, when the force of the river 
abated, marine shells of the genera Trigonia^ Turritella^ Pecten^ 
&c., established themselves in the same area, and plants allied to 
Zostera and Fuciis grew on the bottom. 

Before the cretaceous flora of Aix-la-Chapelle was known, a few 
leaves of a dicotyledonous and angiospermous genus, called “ Cred- 
neria,” were known in the Quader Sandstein ” and “ Planer Kalk,” 
of Grermany, rocks corresponding in age to the white chalk and 
gault of England. But such fossil plants were the only representa- 
tives in rocks older than the Eocene period of those Exogens 
which now constitute three-fourths of the living veeretation of the 
globe. 

M. Adolphe Brongniart, when dividing the whole fossiliferous 

♦ F. Romer, Kreidebildtmg der Qegend von Aachen. Dentsch. Greol. Ge- 
sellsch., vii. 534. 
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series into three groups in reference solely to fossil plants, has named 
the primary strata the age of acrogens the secondary, exclusive 
of the cretaceous, ** the age of gymnosperms and the third, com- 
prising the cretaceous and tertiary, ^^the age of angiosperms.’* 
He considers the cretaceous flora as displaying a transitional charac- 
ter from that of a secondary to that of a ^tertiary vegetation. Coiii- 
/era and Ct/cadece (or Gymnogens) still flourished, as in the pre- 
ceding oolitic and triassic epochs ; while, together with these, some 
well-marked leaves of dicotyledonous angiosperms appeared. But 
now that the fossil plants of Aix-la-Chapelle are with certainty re- 
ferred to an Upper Cretaceous era, the line dividing the ages of 
gymnosperms and of angiosperms seems to run between the Lower 
and Upper Cretaceous formations, or between the Lower Greensand 
and the sands of Aix. 

The resemblance of the flora of Aix-la-Chapelle to the tertiary 
and living floras in the proportional number of dicotyledonous au- 
giosperms as compared to the gymnogens, is a subject of no small 
theoretical interest, because we can now affirm that these Aix 
plants flourished before the rich reptilian fauna of the secondary 
rocks had ceased to exist. The Ichthyosaurus, Pterodactyl, and 
Mosasaurus were of coeval date with the oak, the walnut, and tho 
fig. Speculations have often been hazarded respecting a connection 
between the rarity of Exogens in the older rocks and a peculiar 
state of the atmosphere. A denser air, it was suggested, had in 
earlier times been alike adverse to the wellbeing of the higher 
order of flowering plants, and of the quick -breathing animals, such 
as mammalia and birds, while it was favourable to a cryptogamic 
and gymnospermous flora, and to a predominance of reptile life. 
But we now learn that there is no incompatibility in the co-exist- 
ence of a vegetation like that of the present globe, and some of the 
most remarkable forms of the extinct reptiles of the age of gymno- 
sperms. 

H the passage seem at present to he somewhat sudden from the 
flora of the Lower to that of the Upper Cretaceous period, tho 
abruptness of the change will probably disappear when we are 
better acquainted with the fossil vegetation of the Lower Green- 
sand, and with that of the Gault and Upper Greensand. 

HIPPURITE LIMESTONE. 

Difference between the chalk of the North and South of Europe , — 
By the aid of the three tests of relative age, namely, superposition, 
mineral character, and fossils, the geologist has been enabled to refer 
to the same Cretaceous period certain rocks in the north and south 
of Europe, which differ greatly both in their fossil contents and in 
their mineral composition and structure* 

If we attempt to trace the cretaceous deposits from England and 
France to the countries bordering the Mediterranean, we perceive, 
in the first place, that the chalk and greensand in the neighboarhood 
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of London and Paris form one great eontinuoas mass^ the Straits of 
Dover being a triding interruption, a mere vallej with chalk cliffs 
on both sides. We then observe that the main body of the chalk 
which surrounds Paris stretches from Tours to near Poitiers (see the 

annexed map, fig. 326., in which the 
shaded part represents chalk). 

Between Poitiers and La Rochelle, 
the space marked A on the map sepa- 
rates two regions of chalk. This space 
is occupied by the Oolite and certain 
other formations older than the Chalk, 
and has been supposed by M. E. de 
Beaumont to have formed an island in 
the cretaceous sea. South of this space 
we again meet with a formation which 
we at once recognize by its mineral 
character to be chalk, although there 
are some places where the rock becomes 
oolitic. The fossils are, upon the whole, 
very similar ; especially certain species 
of the genera Spatangus^ Ananchytes^ 
CidariteSy Nucula, OstreOy Gryphcea 
( Exogyra), PecteUy Plagiostoma {Lima)y 
Trigoniay Catillus {Itioceramu8)y and 
Terebratula.* But AmmoniteSy as M. 
d^Archiac observes, of which so many species are met with in the 
chalk of the north of France, are scarcely ever found in the southern 
region ; while the genera Hamitey Turrilitey and ScaphitCy and per- 
haps Belemnitey are entirely wanting. 

On the other hand, certain forms are common in the south which 
are rarely or wholly unknown in the north of France. Among these 
may be mentioned many HippuriteSy Sphcsrulitesy and other mem- 
bers of that great family of mollusca called Rudistes by Lamarck, to 
which nothing analogous has been discovered in the living creation, 
but which is quite characteristic of rocks of the Cretaceous era in 
the south of France, Spain, Sicily, Greece, and other countries 
bordering the Mediterrahean. 

The species called JSippurites organisans 329.) is more abun- 
dant than any other in the south of Europe ; and the geologist 
should make himself well acquainted with the cast c?, which is far 
more common in many compact marbles of the Upper Cretaceous 
period than the shell itself, this having often wholly disappeared. 
The flutings, or smooth, rounded, longitudinal ribs, representing the 
form of the interior, are wholly unlike the Hippurite itself, and in 
some individuals attain a great size and length. 

Between the region of chalk last mentioned, in which Perigueux 

* DArchiac, Sar la Form. Cr^tacee du S.-0. de la France, Mem. de la Soc. 
G^oL de France, tom. ii. 
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is situated, and the Pyrenees, the space B intervenes. (See Map, 
fig. 326 *). Here the tertiary strata cover, and for the most part con* 
ceal, the cretaceous rocks, except in some spots where they have 
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a. Hadiolitei radiosa, 0*0 rb. 
upper vaJve of same. 
White chalk of France. 
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Hadioiiiri foltaceutt D'Orb. 
Sjro. SphjfruHtes ^ariei* 
formii, Blainv. 
White chaik of France. 


Fig. 329. 



Ilippuritet otganisans^ Deiraoulins. 

Upper chalk :>-chaIk marl of Pyrenees ? * 
o. young Individual ; when full grown they occur In groups adhering 
laterally to each other. 

6. upper side of the upper yalve, showing a reticulated structure in 
those parts, where the external coating is worn off. 
c. upper end or opening; of the lower and cylindrical yalre. 
dU cast of the interior of the lower ctmical valve. 


been laid open by the denudation of the newer formations. In these 
places they are seen still preserving the form of a white chalky rock, 
which is charged in part with grains of greensand. Even as far 
south as Tercis, on the Adour, near Dax, cretaceous rocks retain 
this character. I examined them in 1828, and M. Grateloup found 
in them Ananchytes ovcUa (fig. 287. p. 323.), and other fossils of the 
English chalk, together with HippurUes* 


D’Orbigny’s Paleontologie Frang&ise, PL 533. 
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CRETACEOUS BOCKS IN THE UEITKD STATES. 

If we pass to the American continent, we find in the State of New 
Jersey a series of sandy and argillaceous beds wholly unlike our 
Upper Cretaceous system ; which we can, nevertheless, recognize as 
referable, palaeontologically, to the same division. 

That they were about the same age generally as the European 
chalk and greensand, was the conclusion to which Dr. Morton and 
Mr. Conrad came after their investigation of the fossils in 1834, 
The strata consist chiefly of greensand and green marl, with an over- 
lying coralline limestone of a pale yellow colour, and the fossils, on 
the whole, agree most nearly with those of the upper European 
series, from the Maestricht beds to the gault inclusive. I collected 
sixty shells from the New Jersey deposits in 1841, five of which 
were identical with European species — Ostrea larva, 0. vesicularis, 
Gri/phcea costata, Pecten quinque-costatus^ Belemnites mucronatus. 
As some of these have the greatest vertical range in Europe, they 
might be expected more than any others to recur in distant parts of 
the globe. Even where the species were different, the generic forms, 
such as the Baculite and certain sections of Ammonites, as also the 
Inoceramui (see above, fig. 308. p. 325.) and other bivalves, have a 
decidedly cretaceous aspect. Fifteen out of the sixty shells above al- 
luded to were regarded by Professor Forbes as good geographical re- 
presentatives of well-known cretaceous fossils of Europe. The cor- 
respondence, therefore, is uot small, when we reflect that the part of 
the United States where these strata occur is between 3000 and 4000 
miles distant from the chalk of Central and Northern Europe, and 
that there is a difference of ten degrees in the latitude of the places 
compared on opposite sides of the Atlantic.^ 

Fish of the genera Lamna, GaleuSy and Carcharodon are common 
to New Jersey and the European cretaceous rocks. So also is the 
genus Mosasaurus among reptiles. The vertebra of a Plesiosaurus, 
a reptile known in the English chalk, had often been cited on the 
authority of Dr. Harlan as occurring in the cretaceous marl, at 
Mullica Hill, iu New Jersey. But Dr. Leidy has since shown that 
the bone in question is not saurian but cetaceous, and whether it can 
truly lay claim to the high antiquity assigned to it, is a point still 
open to discussion. The discovery of another mammal of the seal 
tribe {Stenorhynchus vetuSy Leidy), from a lower bed in the creta- 
ceous series in New Jersey, appears to rest on better evidence.f 


* See a paper by the Author, Quart. 
Journ. Geol. Soc., voL i. p. 79. 

I In the Principles of Geology, ninth 
ed. p, 145., I cited Dr. Leidy of Phi- 
ladelphia as having described (Pro- 
ceedings of Acad. Nat. Sci Philad., 
1851) two species of cetacea of a new 
genus which he called Priscoddphinm, 
from the greensand of New Jersey. In 
1853, 1 saw the two vertebrte at Phila- 


delphia on which this new genus was 
founded, and afterwards, with the aid of 
Mr. Conrad, traced one of them to a 
Miocene marl pit in Cumberland County, 
New Jersey. The other (the Plesiosaurus 
of Harlan), labelled Mullica Hill ” in 
the Maseum,would no doubt be an upper 
cretaceous fossil, if really derived from 
that locality, but its mineral condition 
makes the point rather doubtful The 
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From New Jersey tbe cretaceous rocks extend southwards to 
North Carolina and Georgia, cropping out at intervals from beneath 
the tertiary strata, between the Appalachian Mountains and the 
Atlantic. They then sweep round the southern extremity of that 
chain, in Alabama and Mississippi, and stretch northwards again to 
Tennessee and Kentucky. They have also beep traced far up the 
valley of the Missouri, as far north as lat. 48®, or to Fort Mandan ; 
so that already the area which they are ascertained to occupy in 
North America may perhaps equal their extent in Europe, and 
exceeds that of any other fossiliferous formation in the United 
States. So little do they resemble mineralogically the European 
white chalk, that in North America, limestone is upon the whole an 
exception to the rule ; and, even in Alabama, where I saw a calca- 
reous member of this group, composed of marl-stone, it was more 
like the English and French Lias than any other European secondai’y 
deposit. 

At the base of the system in Alabama, I found dense masses of 
shingle, perfectly loose and unconsolidated, derived from the waste of 
palaeozoic (or carboniferous) rocks, a mass in no way distinguisliable, 
except by its position, from ordinary alluvium, but covered with 
marls abounding in Inocerami. 

In Texas, according to F. Rbmer, the chalk assumes a new litho- 
logical type, a large portion of it consisting of hard siliceous lime- 
stone, but the organic remains leave no doubt in regard to its age, 
the Baculites anceps and 10 other European species occurring there. 
Fossil plants from New Jersey, and others, obtained from the creta- 
ceous rocks by Messrs. Meek and Hayden in Nebraska, include, 
according to Dr. Newberry, many genera of dicotyledonous angio- 
sperms in the same way as does the flora of Aix-la-Chapelle, above 
described, p. 333. 

In South America the cretaceous strata have been discovered in 
Columbia, as at Bogota and elsewhere, containing Ammonites, Ha- 
mites, Inocerami, and other characteristic shells.* 

In tha south of India, also, at Pondicherry, Verdachellum, and 
Trinconopoly, Messrs. Kaye and Egerton have collected fossils be- 
longing to the cretaceous system. Taken in connection with those 
from the United States, they prove, says Prof, E. Forbes, that tliose 
powerful causes which stamped a peculiar character on the forms of 
marine animal life at this period, exerted their full intensity through 
the Indian, European, and American sea^f Here, as in North and 


tooth of Stenorhynchus vftus figured by 
Leidy from a drawing of Conrad’s 
(Proceed, of Acad. Nat Sci. Philad., 
1853, p. 377.), was found by Samuel B. 
Wethcrill, pAq.,in the greensand l^mile 
south-east of Burlington. This gentle- 
man related to me and Mr. Conrad, in 
1853, the circumstances under which he 
met with it, associated with Ammonites 


placenta^ Ammonites Detawarensis^ Tri- 
gonia thoracica^ &c. The tooth has 
been mislaid, but not until it had excited 
,much interest and had been carefully 
examined bv good zoologists. 

* Proceedings of theCeol. 8oc.,toI. iv. 
p. 391. 

t See Forbes, Quart. GeoL Joutn., vol 
i. p. 79. 
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South America, the cretaceous character can be recognised even 
where there Is no specific identity in the fossils ; and the same may 
be said of the organic type of those rocks in Europe and India which 
occur next to the chalk in the ascending and descending order, 
namely, the Eocene and the Oolitic* 
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CHAPTER XVIII. 

LOWER CRETACEOUS AND WEALDEN FORMATIONS. 

Lower Greensand — Term ** Neocomian — Athcrdeld section, Isle of Wight — 
Fossils of Lower Greensand— Palseontological relations of the U)»pcr and Lower 
Cretaceous strata — Wealden Formation — Freshwater strata intercalated betw'een 
two marine groups— Weald Clay and Hastings Sand — Tunbridge rocks — Fossil 
i shells, fish, and plants of Wealden — Their relation to the Cretaceous type — 
Geographical extent of Wealden — Movements in the earth’s crust to which the 
Wealden owed its origin and submergence. 

The term ‘‘ Lower Greensand ” has hitherto been most commonly 
applied to such portions of the Cretaceous series as are older than 
the Gault. But the name has often been complained of as incon- 
venient, and not without reason, since green particles are wanting 
in a large part of the strata so designated, even in England, and 
wholly so in some European countries. Moreover, a subdivision of 
the Upper Cretaceous group has likewise been called Greensand, and 
to prevent confusion the terms Upper and Lower Greensand were 
introduced. Such a nomenclature naturally leads the uninitiated 
to suppose that the two formations so named are of somewhat co-or- 
dinate value, which is so far from being true, that the Lower Green- 
sand, in its widest acceptation, embraces a series nearly as important 
as the whole Upper Cretaceous group, from the Gault to the Maes- 
tricht beds inclusive ; while the Upper Greensand is but one subor- 
dinate member of this same group. Many eminent geologists have, 
therefore, proposed the term “ Neocomian ” as a substitute for Lower 
Greensand ; because, near Neufchatel (Neocomum), in Switzerland, 
these ^x)wer Greensand strata are well developed, entering largely 
into the structure of the Jura mountains. By the same geologists 
the Wealden beds are usually classed as “ Lower Neocomian,’^ a 
classification which will not appear inappropriate when we have 
explained, in the sequel, the intimate relation of the Lower Greensand 
and Wealden fossils. 

Dr. Fitton, to whom we are indebted for an excellent monograph 
on the Lowey Cretaceous (or Greensand) formation as developed in 
England, gives the following as the succession of rocks seen in parts 
of Kent. 

No. 1. Sand, white, yellowish, or ferraginons, with concretioii 

of limestone and chert - - - - 70 feet 

2. Sand with green matter - - - - - ’0 to 100 feet 

3. Calcareous stone, called Kentish rag • • - 00 to SO leet 

Z2 
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In his detailed description of the fine section displajed at Ather- 
field, in the south of the Isle of Wight, we find the limestone whollj 
wanting; in fact, the variations in the mineral eomposition of this 
group, even in contiguous districts, is very great ; and on comparing 
the Atherfield beds with corresponding strata at Hythe in Kent, 
distant 95 miles, the whole series presents a most dissimilar aspect.* 

On the other hand, Professor E. Forbes has shown that when the 
sixty-three strata at Atherfield are severally examined, the total 
thickness of which he gives as 843 feet, there are some fossils which 
range through the whole series, others which are peculiar to parti- 
cular divisions. As a proof that all belong chronologically to one 
system, he states that whenever similar conditions are repeated in 
overlying strata the same species reappear. Changes of depth, or 
of the mineral nature of the sea-bottom, the presence or absence of 
lime or of peroxide of iron, the occurrence of a muddy, or a sandy, 
or a gravelly bottom, are marked by the banishment of certain species 
and the predominance of others. But these differences of conditions 
being mineral, chemical, and local in their nature, have nothing to 
do with the extinction, throughout a large area, of certain animals 
or plants. The rule laid down by this eminent naturalist for ena- 
bling us to test the arrival of a new state of things in the animate 
world, is the representation by new and different species of corre- 
sponding genera of mollusca or other beings. When the forms proper 
to loose sand or soft clay, or to a stony or calcareous bottom, or to a 
moderate or great depth of water, recur with all the same species, 
the interval of time has been, geologically speaking, small, however 
dense the mass of matter accumulated. But if, the genera remaining 
the same, the species are changed, we have entered upon a new 
period ; and no similarity of climate, or of geographical and local 
conditions, can then recall the old species which a long series of 
destructive causes in the animate and inanimate world has gradually 
annihilated. On passing from the Lower Greensand to the Gault, 
we suddenly reach one of these new epochs, scarcely any of the 
fossil species being common to the lower and upper cretaceous sys- 
tems, a break in the chain implying no doubt many missing links 
in the series of geological monuments, which we may some ^ay be 
able to supply. 

One of the largest and most abundant shells in the lowest strata 
of the Lower Greensand, as displayed in the Atherfield section, is 
the large Perna Mulleti, of which a reduced figure is here given 
(fig. 330.). 

In the south of England, during the accumulation of the Lower 
Greensand above described, the bed of the sea appears |o have been 
continually sinking, from the commencement of the period when the 
freshwater Wealden beds were submerged, to the deposition of those 
strata on which the gault immediately reposes. 

* Dr. Fitton, Quart, Geol. Jonr., able table showing the vertical range of 
vbL i. p. 179., ii. p. 55., and iii. p. 289., the various fossils of the Lower Green- 
where comparative sections and a vala^ sand at Atherfield are given. 
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Pebbles of quartcose nodstooe, jupw, and flintj slate, together 
with grains of chlorite and mica, speak plainly of the nature of the 


Fig. 810. 



a 


Pema MuUetL Desh. and Leym. 
a, exterior. b, pan of hioge of upper valve. 


pre-existing rocks, from the wearing down of which the Greensand 
beds were derived. The land, consisting of such rocks, was doubt- 
less submerged before the origin of the white chalk, a deposit which 
originated in a more open sea, and in clearer waters. 

The fossils of the Lower Cretaceous are for the most part speci- 
fically distinct from those of the Upper Cretaceous strata. 

Among the former we often meet with the genus Scaphites or 


Fig. 331. 


Fig. 332. 




IfauiUus plicoitu. Sow., in 
Fittou*! Mooog.. 


Ancj^iocerai gigatt D*Orb. 


Aneyloceras (fig. 331.), which has been aptly described as an ammo- 
nite more or less uncoiled ; also a furrowed Ndutilui^ N,plic€Uut 
(fig. 332.), Trigonia caudata (fig. 334.), likewise found in the Black- 
down beds (see above, p. 329.), and GerviUia, a bivalve genus allied to 
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Amctda ; also the remarhable shell Dicera$ LomdaUi^ eminently cha- 
racteristic of the femjginoos beds of the Lower Greensand in Wilts. 


Fif . 338. Fig. 834. Fig. 385. 



OerviUia mteept^ Deih. Trigomm eaudata^ Agtti. Terebrtthtla teUa^ 

Lower Oreenumd. Lower Greensand. Sow, Lower 

Greensand. 


This genus is closely allied to Chama^ and the cast of the interior 
has been compared to the horns of a goat. The same shell has been 
referred by some authors to Caprotina^ and by others to Requienia, 


Fig. 336. 



2>icerai Lonidalii. Lower Greenland, Wilti. 
a. the biralve ihelt. b. caet of the tame. 

Palmontoloffical relaHon of the Upper and Lower Cretaceous 
Rocks , — Professor Ramsay has deduced from an analysis of tables 
drawn up by Mr. Etheridge of the fossils of the Cretaceous series of 
Great Britain the following conclusions : — First, that a great num- 
ber of species are common to the different subdivisions of the Up- 
per Cretaceous group, such as the Gault, Upper Greensand, White 
Chalk, 8t(u 

Secondly, that there is a great break between the Lower and 
Upper Cretaceous series, for of 280 species of all kinds of animal 
remains known in the Lower Cretaceous, 233 are peculiar, and 51, 
or only about 18 per cent., pass from the Lower Greensand to the 
Gault and overlying strata. 

The same geologist adds, This break and disappearance of so 
many species in succession is accompanied by a stratigraphical break 
as well; for round the Weald it is known that in some of the very 
few exposures of junctions the Gault has been seen lying on eroded 
surfaces of Lower Greensand, while in the western and middle parts 
of England, on the west and north of the great chalk escarpment, 
the frequent and sudden overlaps of the Lower Greensand by the 
Gault leave no doubt that the upper formation lies actually uncon- 
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formabl j on the IowoTi and the time occupied hj the denudation has 
been with us unrepresented by any stratified formation.”* Yet, 
while there is so much difference between the organic remains of the 
Upper and Lower Cretaceous rocks, the Cretaceous series, polaeon- 
tologically considered, forms an independent whole, having scarcely 
any species in common with the Oolitic series which preceded it, or 
with the Eocene which followed. Thus, by referring to the tables 
above mentioned, we observe that 521 species are enumerated as 
known in the Upper Chalk of England, all of which, with the ex- 
ception of Terebratula caput-serpentis. and a few Foraminifera, had 
become extinct before the beginning of the Eocene epoch, as repre- 
sented by the Thanet sands. 

On the other hand, when the lowest marine strata or Atherfield 
beds of the Cretaceous series are compared with the marine forma- 
tions of the Upper Oolite, we find that no British species pass from 
one to the other, and we know that this change in the organic world 
coincides in date with that enormous lapse of time during which the 
freshwater formations of the Wealden and Purbeck, more than 1500 
feet in thickness, were deposited. 

WEALDEN PORMATION. 

Beneath the Lower Greensand in the S.E. of England, a fresh- 
water formation is found, called the Wealden (see Nos. 5 and 0, 
Map, fig. 355. p. 356.), which, although it occupies a small horizontal 
area in Europe, as compared to the White Chalk and Greensand, is 
nevertheless of great geological interest, since the embedded remains 
give us some insight into the nature of the terrestrial fauna and 
flora of the Lower Cretaceous epoch. The name of Wealden was 
given to this group because it was first studied in parts of Kent, 
Surrey, and Sussex, called the Weald (see Map, p. 356.) ; and we are 
indebted to Dr. Man tell for having shown, in 1822, in his “ Geology 
of Sussex,” that the whole group was of fluviatile origin. In proof 
of this he called attention to the entire absence of Ammonites, Be- 
lemnites, Terebratulas, Echinites, Corals, and other marine fossils, 
so characteristic of the Cretaceous rocks above, and of the Oolitic 
strata below, and to the presence in the Weald of Paludinae, Melaniie, 
and various fluviatile shells, as well as the bones of terrestrial reptiles 
and the trunks and leaves of land*plants. 

The evidence of so unexpected a fact as the infra-position of a 
dense mass of purely freshwater origin to a deep-sea deposit (a phe- 
nomenon with which we have since become familiar) was received, 
at first, with no small doubt and incredulity. But the relative po- 
sition of the beds is unequivocal ; the Weald Clay being distinctly 
seen to pass beneath the Lower Greensand in various parts of Surrey, 
Kent, and Sussex, and to reappear in the Isle of Wight at the base 
of the Cretaceous series, being, no doubt, continuous far beneath the 

* Ramsay, Anniversary Address, GeoL Quart. Joum., voL xx. p. 58. 
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Borfaoe, u indicated by the dotted lines in the annexed diagram, 
Sg. 337. 

Tig. 337. 


Me of Wight Hants. Sussex. 



a. Chalk. b. Groeoiand* c. Weald Clay. d. Hastingi Sand. e. Furbeck bedt. 


The Wealden is divisible into two minor groups : — 

Greatest 

known 

thickness. 

1st. Weald Clay — ^blue and brown clay and shale, sometimes including 

thin beds of sand and shelly limestone with Paludina - - 600 ft. 

2d. Hastings Sand — chiefly arenaceous, but in which occur some clays 

and calcareous grits * - - - - - - 740 ft. 

Another freshwater formation, called the Purbeck, consisting of 
various limestones and marls, containing distinct species of molluscs, 
Cyprides^ and other fossils, lies immediately beneath the Wealden in 
the south-east of England. As it is now found to be more nearly 
related, by its organic remains, to the Oolitic than to the Cretaceous 
Series, it will be treated of in the twentieth chapter. 


Weald Clay^ 

The upper division, or Weald Clay, is of purely freshwater origin. 
Its highest beds are not only conformable, as Dr. Fitton observes, 
to the inferior strata of the Lower Greensand, but of similar 
mineral composition. To explain this, we may suppose, that, as the 
delta of a great river was tranquilly subsiding, so as to allow the 
sea to encroach upon the space previously occupied by fresh water, 
the river still continued to carry down the same sediment into the 
sea. In confirmation of this view it may be stated, that the remains 
of the Iguanodon Mantelli^ a gigantic terrestrial reptile, very 
characteristic of the Wealden, has been discovered near Maidstone, 
in the overlying Kentish rag, or marine limestone of the Lower 
Greensand. Hence we may infer, that some of the saurians which 
inhabited the country of the great river continued to live when 
part of the country had become submerged beneath the sea. Thus, 
in our own times, we may suppose the bones of large alligators to 
be frequently entombed in recent freshwater strata in the delta of 
the Ganges. But if part of that delta should sink down so as to 
be covered by the sea, marine formations might begin to accumulate 
in the same space where freshwater beds had previously been 
formed ; and yet the Ganges might still pour down its turbid 
waters in the same direction, and carry seaward the carcases of the 

* Dr. Fitton, GeoL Trans., Second Series, voL iv. n. 820 . 
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same species of alligator, in which case their bonea might be in- 
cluded in marine as well as in subjacent freshwater strata. 

The Iguanodon, first discovered hj Dr. Mantell, has left more of 
its remains in the Wealden strata of the south-eastern counties and 
Isle of Wight than has any other genus of associated saurians. It 
was an herbivorous reptile, and regarded by Cuvier as more extra- 
ordinary than any with which he was acquainted ; for the teeth, 
though bearing a great analogy, in their general form and crenated 
edges (see figs. 338. a., 338. A.), to the modern Iguanas which now 
frequent the tropical woods of America and the West Indies, ex- 
hibit many striking and important differences. It appears that they 
have often been worn by the process of mastication ; whereas the 
existing herbivorous reptiles clip and gnaw off the vegetable pro- 
ductions on which they feed, but do not chew them. Their teeth 
frequently present an appearance of having been chipped ofi', but 
never, like the fossil teeth of the Iguanodon, have a flat ground 
surface (see fig. 339. 6.), resembling the grinders of herbivorous 


Fig. 338. 


Fig. 339. 




Fig. 338. a, b. tooth of Iguanodon Mantelli. 

339. a, partially worn tooth of young indiTiduHl of the aaine. 
b, crown of tooth in adult, worn down. (Mantell.) 




mammalia. Dr. Mantell computes that the teeth and bones of this 
species which passed under his examination during twenty years 
must have belonged to no less than seventy-one distinct individuals, 
varying in age and magnitude from the reptile just burst from the 
egg, to one of which the femur measured twenty-four inches in 
circumference. Yet, notwithstanding that the teeth were more 
numerous than any other bones, it is remarkable that it was not 
until the relics of all these individuals had been found, that a soli- 
tary example of part of a jawbone was obtained. More recently 
remains both of the upper and lower jaw have been met with in the 
Hastings beds in Tilgate Forest. Their size was somewhat greater 
than had been anticipated, and Dr. Mantell, who does not agree with 
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Professor Owen th&t the tail was short, estimates the probable 
length of some of these saurians at between 50 and 60 feet. 
The largest femur yet found measures 4 feet 8 inches in length, 
the circumference of the shaft being 25 inches, and if measured 
round the condyles, 42 inches. 

Occasionally bands of limestone, called Sussex Marble, occur 
in the Weald Clay, almost entirely composed of a species of 
Paludina^ closely resembling the common P, mvipara of English 
rivers. 

Shells of the Cypris^ a genus of Crustaceans before mentioned 
(p. 31.) as abounding in lakes and ponds, are also plentifully scat- 
tered through the clays of the Wealden, sometimes producing, like 
plates of mica, a thin lamination (see fig. 342.). Similar cypris- 
bearing marls are found in the lacustrine tertiary beds of Auvergne 
(see above, p. 222.). 


Fig. 340. Fig. 341. Fig. 342. 



Cpiris Cyorii Valdentis^ FItton. Weald clay with Cyprides. 

ipinifirra^ {C.faba, Mlu. Con. 485.) 

FilCon. 



Hastings Sands* 

This lower division of the Wealden consists of sand, sandstone, 
calciferous grit, clay, and shale ; the argillaceous strata, notwith- 
standing the name, predominating somewhat over tlie arenaceous, 
as will be seen by reference to the following section, drawn up by 
Messrs. Drew and Foster, of ^he Government Survey of Great 
Britain : — 

Names of Subordinate Mineral Composition 
Formations. of the Strata, 

Tunbridge Wells fo . , ,, 

^ -j oandstone and loam 

, Wadhurst Clay - |®‘“® “"d brown shde and 

HattingB Sand. J 1 clay with a little calc-grit - 

Ashdown Sand - i 

I calc-grit - - - - 

Ashburnham Beds (Mottled white and red clay 
I With some sandstone 

The picturesque scenery of the High Rocks ” and other places 
in the neighbourhood of Tunbridge is caused by the steep natural 
cliffs, to which a hard bed of white sand, occurring in the upper 
part of the Tunbridge Wells Sand, mentioned in the above table, 
gives rise, Mr. Drew found this bed of rock-sand ” to vary in 
thickness from 25 to 48 feet. Large masses of it, which were by 
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no means hard or capable of making a good bnilding-aione, form« 
nevertheless, projecting rocks with perpendicular faces, and re- 
sist the degrading action of the river because, sajs Mr* Drew, they 
present a solid mass without planes of division,^ The calcareous 
sandstone and grit of Tilgate Forest, near Cuckfield, in which 
the remains of the Iguanodon and Hylseosaurus were first found 
by Dr. Mantell, constitute an upper member of the Tunbridge Wells 
Sand, while the “sand-rock** of the Hastings cliffs, about 100 
feet thick, is one of the lower members of the same. The rep- 
tiles, which are very abundant in this division, consist partly of 
saurians, referred by Owen and Mantell to eight genera, among 
which, besides those already enumerated, we find the Megalosau- 
rus and Plesiosaurus. The Pterodactyl also, a fiying reptile, is met 
with in the same strata, and many remains of Chelonians of the 
genera Trionyx and Emys^ now confined to tropical regions. 

The fishes of the Wealden are chiefly referable to the Ganoid and 
Placoid orders. Among them the teeth and scales of Lepidotua are 
most widely diffused (see fig. 343.). These ganoids were allied to 


Fig. 343. 


Lfpidotut ManteUi^ Aga*». Wealdeu. 
n. palate md teeth. b, tide view of teeth. «. icale. 

the Lepidosteusy or Gar-pike, of the American rivers. The whole 
body was covered with large rhomboidal scales, very thick, and 
having the exposed part coated with enamel. Most of the species 
of this genus are supposed to have been either river-fish, or inha- 
bitants of the sea at the mouth of estuaries. 

The shells of the Hastings beds belong to the genera Melanopsis^ 
Melaniay Paludina^ Cyrena, Cyclas^ Unio (see fig. 344.), and others, 
which inhabit rivers or lakes ; but one band has been found at 
Punfield, in Dorsetshire, indicating a brackish state of the water, 
where the genera Corbula (see fig. 345.), MytiluSy and Ostrea occur ; 
and in some places this ^d becomes purely marine, the species 
being for the most part peculiar, but several of them well-known 
Lower Greensand fossils, among which Ammonites Deshay esii may 
be mentioned. These facts show how closely related were the faunas 
of the Wealden and Cretaceous periods. 

At different heights in the Hastings Sand, we find again and 
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lile of Wight aud DorieCshire ; in the lower beds 
of the Hastings bauds. 


again slabs of sandstone with a strong ripple-mark, and between 
these slabs beds of clay many yards thick. In some places, as at 
Stammerham, near Horsham, there are indications of this clay 
having been exposed so as to dry and crack before the next layer 
was thrown down upon it. The open cracks in the clay have 
served as moulds, of which casts have been taken in relief, and 
which are, therefore, seen on the lower surface of the sandstone 
(see fig. 346.). 


Fig. 346. 



Underiide of slab of sandstone about one yard in diameter. 
Stammerham, Sussex. 


Near the same place a reddish sandstone occurs in which are in- 
numerable traces of a fossil vegetable, apparently Sphenopteris, the 
stems and branches of which are disposed as if the plants were 
standing erect on the spot where they originally grew, the sand 
having been gently deposited upon and around them ; and similai* 
appearances have been remarked in other places in this formation.* 
In the same division also of the Wealden, at Cuckfield, is a bed 
of gravel or conglomerate, consisting of water-worn pebbles of 

* Mantell, GeoL of S.E. of England, p. 244. 
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quartz and jasper, with rolled bones of reptiles. These must 
have been drifted by a current, probably in water of no great depth. 

From such facts we may infer that, 
notwithstanding the great thickness of 
this division of the Wealden, the whole 
of it was a deposit in water of a mo- 
derate depth, and often extremely 
shallow. This idea may seem startling 
at first, yet such would be the natural 
consequence of a gradual and con- 
tinuous sinking of the ground in an 

estuarj or bay, into which a great river sphn,opi^ri. p-acfii, (Fittom. fm.n the 
discharged its turbid waters. By each Ha^tJnir* sand* nw Tunbrtdgt* w®ui, 

foot of subsidence, the fundamental «• of 

rock would bo depressed one foot, farther from the surface ; but 
the bay would not be deepened, if newly deposited mud and sand 
should raise the bottom one foot. On the contrary, such new strata 
of sand and mud might be frequently laid dry at low water, or 
overgrown for a season by a vegetation proper to marshes. 

Area of the Wealden . — In regard to the geographical extent of 
the Wealden, it cannot be accurately laid down ; because so much 
of it is concealed beneath the newer marine formations. It has been 
traced about 200 English miles from west to east, from the coast of 
Dorsetshire to near Boulogne, in France ; and nearly 200 miles from 
north-west to south-east, from Surrey and Hampshire to Beauvais, 
in France. If the formation be continuous throughout this space, 
which is very doubtful, it does not follow that the whole was con- 
temporaneous ; because, in all likelihood, the physical geography of 
the region underwent frequent changes throughout the whole period, 
and the estuary may have altered its form, and even shifted its 
place. Dr. Dunker, of Cassel, and H. von Meyer, in an excellent 
monograph on the Wealdens of Hanover and Westphalia, have 
shown that they correspond so closely, not only in their fossils, but 
also in their mineral characters, with the English series, that we 
can scarcely hesitate to refer the whole to one great delta. Even 
then, the magnitude of the deposit may not exceed that of many 
modern rivers. Thus, the delta of the Quorra or Niger, in Africa, 
stretches into the interior for more than 170 miles, and occupies, it 
is supposed, a space of more than 300 miles along the coast, thus 
forming a surface of more than 25,000 square miles, or equal to 
about one half of England.* Besides, we know not, in such cases, 
how far the fluviatile sediment and organic remains of the river and 
the land may be carried out from the coast, and spread over the bed 
of the sea. I have shown, when treating of the Mississippi, that a 
more ancient delta, including species of shells, such as now inhabit 
Louisiana, has been upraised, and made to occupy a wide geogra- 
phical area, while' a newer delta is forming ; f and the possibility of 

* Fitton, Geol. of Hastings, p. 58., who citc‘5 Lander’s Travels. 

t See above, p. 84. ; and Second Visit to the U.S.,voL u. chap, xxxiv. 
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such moyemeota, and their effects, must not be lost sight of when 
we speculate on the origin of the Wealden. 

If it be asked where the continent was placed from the ruins 
of which the Wealden strata were derived, and by the drainage 
of which a great river was fed, we are half tempted to speculate 
on the former existence of the Atlantis of Plato. The story of the 
submergence of an ancient continent, however fabulous in history, 
must have been true again and again as a geological event. 

The real difficulty consists in the persistence of a large hydro- 
graphical basin, from whence a great body of fresh water was poured 
into the sea, precisely at a period when the neighbouring area of the 
Wealden was gradually going downwards 1000 feet or more perpen- 
dicularly. If the adjoining land participated in the movement, how 
could it escape being submerged, or how could it retain its size and 
altitude so as to continue to be the source of such an inexhaustible 
supply of fresh water and sediment ? In answer to this question, 
we are fairly entitled to suggest that the neighbouring land may 
have been stationary, or may even have undergone a contempora- 
neous slow upheaval. There may have been an ascending movement 
in one region, and a descending one in a contiguous parallel zone of 
country; just as the northern part of Scandinavia is now rising, 
while the middle portion (that south of Stockholm) is unmoved, and 
the southern extremity in Scania is sinking, or at least has sunk 
within the historical period.* We must, nevertheless, conclude, if 
we adopt the above hypothesis, that the depression of the land be- 
came general throughout a large part of Europe at the close of the 
Wealden period, and this subsidence brought in the cretaceous 
ocean. 

The flora of the Wealden and the Lower^ Greensand is charac- 
terized by a great abundance of Conifer®, Cycade®, and Ferns, and 
by the absence of leaves and fruits of dicotyledonous angiosperms. 
The discovery, in 1855, in the Hastings beds of the Isle of Wight, 
of Gyrogonites, or spore-vessels of the Chara, supplied a link be- 
tween the secondary and tertiary flora which was previously want- 
ing. 

♦ See the Author’s Annivora Address, Geol. Soc., 1850, Quart. Geol. Joum., 
TOl. Vi. p. 62. 
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C^APTER XIX. 

DENUDATION OF THE CHALK AND WEALDEN, 

Physical geography of certain districts composed of Cretaceous and Wealden strata 
— ^Lines of inland chalk-cliflfs on the Seine in Normandy — Outstanding pillars 
and needles of chalk— Denudation of the chalk and Wealden in Surrey, Kent, 
and Sussex— Chalk once continuous from the North to the South Downs — 
Anticlinal axis and parallel ridges — Longitudinal and transverse valleys-— 
Chalk escarpments— Rise and denudation of the strata gradual— Ridges formed 
by harder, valleys by softer beds — At what periods the Weald Valley was 
denuded — Why no alluvium, or wreck of the chalk, in the central district of the 
Weald — Successive periods of marine denudation — The latest of these posterior 
to the Upper Miocene era — Elephant bed, Brighton— Sangatte Cliff The 
great escarpments and transverse valleys of the chalk mainly duo to the waves 
and tides of the sea— Paroxysmal causes unnecessary for explaining the ex- 
ternal configuration of the Wealden. 

All the fossiliferous formations may be studied by the geologist in 
two distinct points of view : first, in reference to their position in 
the series, their mineral character and fossils ; and, secondly, in 
regard to their physical geography, or the manner in which they 
now enter, as mineral masses, into the external structure of the 
earth ; forming the bed of lakes and seas, or the surface or founda- 
tion of hills and valleys, plains and table-lands. Some account has 
already been given, on the first head, of the Tertiary, the Cretaceous, 
and the Wealden strata ; and we may now proceed to consider cer- 
tain features in the physical geography of these groups as they occur 
in parts of England and France. 

The hills composed of white chalk in the S.E. of England have a 
smooth rounded outline, and, being usually in the state of sheep- 
pastures, are free from trees or hedgerows ; so that we have an op- 
portunity of observing how the valleys by which they are drained 
ramify in all directions, and become wider and deeper as they descend. 
Although these valleys are now for the most part dry, except during 
heavy rains and the melting of snow, they may have been due to 
aqueous denudation, as explained in the sixth chapter; having been 
excavated when the chalk emerged gradually from the sea. This 
opinion is confirmed by the occasional occurrence of what appear to 
be long lines of inland cliffs, in which the strata are cut off abruptly 
in steep and often v^tical precipices. The true nature of such 
escarpments b nowhere more obvious than in parts of Normandy, 
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where the river Seine and its tributaries flow through deep winding 
valleys, hollowed out of chalk horizontally stratifled. Thus, for 
example, if we follow the Seine for a distance of about 30 miles 
from Andelys to Elbceuf, we find the valley flanked on both sides 
by a steep slope of chalk, with numerous beds of flint, the formation 
being laid open for a thickness of about 250 and 300 feet Above 
the chalk is an overlying mass of sand, gravel, and clay, from 30 to 
100 feet thick. The two opposite slopes of the hills a and b, fig. 348^ 


Fig. 848. 



where the chalk appears at the surface, are from 2 to 4 miles apart, 
and they are often perfectly smooth and even, like the steepest of 
our downs in England ; but at many points they are broken by one, 
two, or more ranges of vertical and even overhanging cliffs of bare 
white chalk with flints. At some points detached needles and pin- 
nacles stand in the line of the cliffs, or in front of them, as at c, fig 
348. On the right bank of the Seine, at Andelys, one range, about 
2 miles long, is seen varying from 50 to 100 feet in perpendicular 
height, and having its continuity broken by a number of dry valleys 
or coombs, in one of which occurs a detached rock or needle, called 
the Tete d'Homme (see figs. 349, 350.). The top of this rock pre- 


Fig. 849. 



sents^a precipitous face towards every point of the compass; its 
vertical height being more than 20 feet on the side of the downs, 
and 40 towards the Seine, the average diametervbf the pillar being 
36 feet Its composition is the same as that ij/t the larger cliffs in 
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its n(‘i"hbourliood, namely, white chalk, having occasionally a crys- 
talline texture like marble, with layers of flint in nodules and tabular 
masses. The flinty beds often project in relief 4 or 5 feet beyond 
the white chalk, which is generally in a state of slow decomposition, 
either exfoliating or being covered with white powder, like the 
chalk cliffs on the English coast ; and, as in them, this superficial 
powder contains in some places common salt. 

Other cliffs are situated on the right bank of the Seine, opposite 
Tournedos, between Andelys and Pont do 1’ Arche, where the preci- 
pices are from 50 to 80 feet high : several of their summits terminate 
in pinnacles ; and one of them, in particular, is so completely de- 
tached as to present a perpendicular face 50 feet high towards the 
sloping down. On these cliffs several ledges are seen, which mark 
so many levels at which the waves of the sea may be supposed to have 
encroached for a long period. At a still greater height, immediately 
above the top of this range, are three much smaller cliffs, each about 
4 feet high, with as many intervening terraces, which are continued 
so as to sweep in a semicircular form round an adjoining coomb, like 
those in Sicily before described (p. 76.). 

If we then descend the river from Vatteville to a place called 
Senneville, we meet with a singular needle about 50 feet high, per- 
fectly isolated on the escarpment of chalk on the right bank of the 
Seine (see fig. 351.). Another conspicuous range of inland cliffs is 
situated about 12 miles below on the left bank of the Seine, begin- 
ning at Elboeuf, and comprehending the Roches d’Orival (see fig. 352.). 
Like those before described, it has an irregular surface, often over- 
hanging, and with beds of flint projecting several feet Like them, 
also, it exhibits a white powdery surface, and consists entirely of 
horizontal chalk with flints. It is 40 miles inland ; its height, in 
some parts, exceeds 200 feet ; and its base is only a few feet above 
the level of the Seine. It is broken, in one place, by a pyramidal 
mass or needle, 200 |feet high, called the Roche de Pignon, which 
stands out about 25 feet in front of the upper portion of the main cliffs, 

▲ A 



View of the Roche de Pignon, seen from the south. 


at Senneville, Vatteville, and Andelys, it may be compared to those 
needles of chalk which occur on the coast of Normandy* (see fig. 
354.), as well as in the Isle of Wight and in Purbeck. 

The foregoing description and drawings will show, that the 
evidence of certain escarpments of the chalk having been originally 
sea-cliffs, is far more full and satisfactory in France than in England. 
If it be asked why, in the interior of our own country, we meet with 
no ranges of precipices equally vertical and overhanging, and no 
isolated pillars or needles, we may reply that the greater hardness of 
the chalk in Normandy may, no doubt, be the chief cause of this 
difierence. But the frequent absence of all signs of littoral denuda- 

* An account of these cliffs was read by the Author to the British Assoc, at 
Glasgow, Sept. 1840. 
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Needle and Arch of EtreUt, in the chalk chflk of Normandv. 
Height of Arch 100 feet. (PaMy.)« 


tion in the valley of the Seine itself is a negative fact of a far more 
striking and perplexing character. The cliffs, after being almost 
continuous for miles, are then wholly wanting for much greater dis- 
tances, being replaced by a green sloping down, although the beds 
remain of the same composition, and are equally horizontal ; and 
although we may feel assured that the manner of the upheaval of 
the land, whether intermittent or not, must have been the same at 
those intermediate points where no cliffs exist, as at others whore 
they are so fully developed. But, in order to explain such apparent 
anomalies, the reader must refer again to the theory of denudation, 
as expounded in the sixth chapter; where it was shown, first, that the 
undermining force of the waves and marine currents varies greatly 
at different parts of every coast; secondly, that precipitous rocks 
have often decomposed and crumbled down ; and thirdly, that ter- 
races and small cliffs may occasionally lie concealed beneath a talus 
of detrital matter. 

Denudation of the Weald Valley , — No district is better fitted to 
illustrate the manner in which a great series of strata may have been 
apheaved and gradually denuded than the country intervening be- 
tween the North and South Downs. This region, of which a ground- 
plan is given in the accompanying map (fig. 355.), comprises within 
it nearly all Sussex, and parts of the counties of Kent, Surrey, 
and Hampshire. The space in which the formations older than the 
White Chalk, or those from the Gault to the Hastings sands inclu- 
sive, crop out, is bounded everywhere by a great escarpment of 
chalk, which is continued on the opposite side of the channel in the 
Bas Boulonnais in France, where it forms the semicircular boundary 
of a tract in which older strata also appear at the surface. The 
whole of this district may therefore be considered geologically as 
one and the same. 

The space here inclosed within the escarpment of the chalk affords 
an example of what has been sometimes called a ‘‘ valley of eleva- 
tion” (more properly “of denudation”); where the strata, partially 
removed by aqueous excavation, dip away on all sides from a central 
axis. Thus, it is supposed that the area now occupied by the 

* Seine-Inferieurc, p. 142. and PI. 6. fig. 1. 
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Geological Map of the foutb>eaft of England, and part of France, exhibiting the denudation of 

the Weald. 


1. CM Tertiary. 

2. a Chalk and Upper Greenland. 

3. »» Gault. 

4. Lower Greenland. 


.1. BB Weald clay, 
f). I • ^ Hastings lands. 
7. liBW Fiirbeck beds, 
fi. ■HI Oolite. 


Hastings sand (No. 6.) was once covered by the Weald clay (No. 5.\ 
and this again by the Greensand (No. 4.), and this by the Gault 
(No. 3.); and, lastly, that the Chalk (No. 2.) extended originally 
over the whole space between the North and the South Downs. This 
theory will bo better understood by consulting the annexed diagram 
(fig. 356.), where the dark lines represent what now remains, and the 
fainter ones those portions of rock which are believed to have been 
carried away. 

At each end of the diagram the tertiary strata (No. 1.) are ex- 
hibited reposing on the chalk. In the middle are seen the Hastings 
sands (No. 6.) forming an anticlinal axis, on each side of which the 
other formations are arranged with an opposite dip. It has been 
necessary, however, in order to give a clear view of the different 
formations, to exaggerate the proportional height of each in compa- 
rison to its horizontal extent; and a true scale is therefore subjoined 
in another diagram (fig. 357.), in order to correct the erroneous 
impression which might otherwise be made on the reader’s mind. 
In this section the distance between the North and South Downs is 
represented to exceed forty miles ; for the Valley of the Weald is 
here intersected in its longest diameter, in the direction of a lino 
between Lewes and Maidstone. 

Through the central portion, then, of the district supposed to be 
denuded runs a groat anticlinal line, having a direction nearly east 
and west, on both sides of which the beds 5, 4, 3, and 2 crop out in 
succession. But, although, for the sake of rendering the physical 
structure of this region more intelligible, the central line of elevation 
has alone been introduced, as in the diagrams of Smith, Mantell, 
Conybeare, and others, geologists have always been well aware that 




numerous minor lines of dislocation and flexure run parallel to the 
great central axis. 

In the central area of the Hastings sand the strata have under- 
gone the greatest displacement ; one fault being known, where the 



Fig. 358. 


358 CHALK ESCARPMENTS. [Ch. XIX. 

vertical shift of a bed of calcareous grit is no less *than 60 fathoms.* 
Much of the picturesque scenery of this district arises from the 
depth of the narrow valleys and ridges to which the sharp bends and 
fractures of the strata liave given rise ; but it is also in part to be 
attributed to the excavating power exerted by water, especially on 
the interstratified argillaceous beds. 

Besides the series of longitudinal valleys and ridges in the Weald, 



* Eitton, Geol. of Hastings, p. 56. 
f Conybeare, Outlines of GeoL, p. 81. 


there are valleys which run in 
^ a transverse direction, passing 
< through the chalk to the basin 
I of the Thames on the one side, 
“ and to the English Channel 
on the other. In this manner 
the chain of the North Downs 
is broken by the rivers Wey, 
Mole, Darent, Medway, and 
Stour ; the South Downs by 
3 the Arun, Adur, Ouse, and 
^ Cuckmere. *(* If these trans- 
verse hollows could be filled 
up, all the rivers, observes Dr. 
Conybeare, would bo forced 
to take an easterly course, and 
^ to empty themselves into the 
S sea by Romney Marsh and 
g Pevensey Levels. 

I Mr. Martin has suggested 
=§ that the great cross fractures 
^ of the chalk, which have be- 
come river-channels, have a 
remarkable correspondence on 
each side of the valley of the 
Weald ; in several instances 
^ the gorges in the North and 
i South Downs appearing to be 
I directly opposed to each other, 
-o Thus, for example, the defiles 
I of the Wey in the North 
^ Downs, and of the Arun in 
» the South, seem to coincide 

1 in direction ; and, in like man- 

2 ner, the Ouse corresponds to 
s the Darent, and the Cuckmere 
I to the Medway. f 

^ Although these coincidences 
« may, perhaps, be accidental, it 
is by no means improbable, as 

X Geok of Western Sussex, p. 61. 
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hinted by the author above mentioned, that great amount of ele- 
vation towards the centre of the Weald district gave rise to trans- 
verse fissures. And as the longitudinal valleys were connected 
with that linear movement which caused the anticlinal lines running 
east and west, so the cross fissures might have been occasioned by 
the intensity of the upheaving force towards the centre of the line. 

But before treating of the manner in which the upheaving move- 
ment may have acted, I shall endeavour to make the reader more 
intimately acquainted with the leading geographical features of the 
district, so far as they are of geological interest. 

In whatever direction we travel from the tertiary strata of the 
basins of London and Hampshire towards the valley of the Weald, 
we first ascend a slope of white chalk, with flints, and then find 
ourselves on the summit of a declivity consisting, for the most part, 
of different members of the chalk formation ; below which the 
Upper Greensand, and sometimes, also, the Gault, crop out. This 
steep declivity is the great escarpment of the chalk before mentioned, 
which overhangs a valley excavated chiefly out of the argillaceous 
or marly bed, termed Gault (No. 3.). The escarpment is continuous 
along the southern termination of the North Downs, and may be 
traced from the sea, at Folkestone, westward to Guildford and the 
neighbourhood of Petersfield, and from thence to the termination of 
the South Downs at Beachy Head. In this precipice or steep slope 
the strata are cut off abruptly, and it is evident that they must 
originally have extended farther. In the wood-cut (fig. 358. p. 358.) 
part of the escarpment of the South Downs is faithfully represented, 
where the denudation at the base of the declivity has been some- 
what more extensive than usual, in consequence of the Upper and 
Lower Greensand being formed of very incoherent materials, the 
former, indeed, being extremely thin and almost wanting. 

The geologist cannot fail to recognise in this view the exact 
likeness of a sea-cliff; and if he turns and looks in an opposite 
direction, or eastward, towards Beachy Head (sec fig. 359.), he will 



Chalk escarpment, as seen from the hill above Steynlng, Sussex. The castle and village 
of Brain ber jii the foreground. 


see the same line of heights prolonged. Even those who are not 
accustomed to speculate on the former changes which the surface has 
undergone may fancy the broad and level plain to resemble the flat 
sands which were laid dry by the receding tide, and the different 
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projecting masses of chalk to be the headlands of a coast which 
separated the different bays from each other. 

Occasionally in the North Downs sand-pipes are intersected in the 
slope of the escarpment, and have been regarded by some geologists 
as more modem than the slope ; in which case they might afford an 
argument against the theory of these slopes having originated as sea- 
cliffs or river-cliffs. But, when we observe the great depth of many 
sand-pipes, those near Sevenoaks, for example, we perceive that the 



lower termination of such pipes 
must sometimes appear at the 
surface far from the summit of 
an escarpment, whenever por- 
tions of the chalk are cut away. 

In regard to the transverse 
valleys before mentioned, as in- 
tersecting the chalk hills, som(^ 
idea of them may be derived 
from the subjoined sketch (fig. 
360.) of the gorge of the lliver 
Adur, taken from the summit of 
the chalk-downs, at a point in 
the bridle-way leading from the 
towns of Braniber and Steyning 
to Shoreham. If the reader will 
refer again to the view given 
in a former woodcut (fig. 358. 
p. 358.), ho will there see the 
exact point where the gorge of* 
which 1 am now speaking in- 
terrupts the chalk escarpment. 
A projecting hill, at the point 
hides the town of Steyning, near 
which the valley commences 
where the Adur passes directly 
to the sea at Old Shoreham. The 
river flows through a nearly 
level plain, as do most of the 
others which intersect the hills 
of Surrey, Kent, and Sussex ; 
and it is evident that these open- 
ings could not have been pro- 
duced by rivers, except under 
conditions of physical geography 
entirely different from those now 
prevailing. Indeed, many of the 
existing rivers, like the Ouse 
near Lewes, have filled up arms 
of the sea, instead of deepening 
the hollows which they traverse. 
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That the place of some» if not of all^ the gorges running north and 
south, has l^n originally determined by the fracture and displace- 
ment of the rocks, seems the more probable, when we redect on tht* 
proofs obtained of a ravine running east and west, which branches 
off from the eastern side of the valley of the Ouse just mentioned, 
and which is undoubtedly due to dislocation. This ravine is called 
“the Coomb” (fig. 361.), and is situated in the suburbs of the town 



Tlie Coomb, near Lewes. 


of Lewes. It was first traced out by Dr. Man tell, in whose com- 
pany I examined it. The steep declivities on each side are covered 
with green turf, as is the bottom, which is perfectly dry. No out- 
ward signs of disturbance are visible; and the connection of the 
hollow with subterranean movements would not have been suspected 
by the geologist, had not the evidence of great convulsions been 
clearly exposed in the escarpment of the valley of the Ouse, and the 
numerous chalk-pits worked at the termination of the Coomb. By 
the aid of these we discover that the ravine coincides precisely with 
a line of fault, on one side of which the chalk with flints (a, fig. 362. ) 


Fig. 362. 



Fault coinciding with the Coomb, in the ClifT-hill near Lewe*. Mantell. 
a. Chalk with flints. 6. Lower chalk. 


appears at the summit of the hill, while it is thrown down to the 
bottom on the other. 

In order to account for the manner in which the five groups of 



362 PROMINENCE OP HARDER STRATA, [Ch. XIX. 

Strata^ 3, 4, 5, 6, represented in the map, fig. 335., and in the 
section, fig. 356., may have been brought into their present position, 
the following hypothesis has been suggested: — Suppose the five 
formations to lie in horizontal stratification at the bottom of the sea ; 
then let a movement from below press them upwards into the form 
of a flattened dome, and let the crown of this dome be afterwards cut 
off, so that the incision should penetrate to the lowest of the five 
groups. The different beds would then be exposed on the surface, 
in the manner exhibited in the map, fig. 3o5.* 

The quantity of denudation, or removal by water, of stratified 
masses assumed to have once reached continuously from the North 
to the South Downs is so enormous, that the reader may at first bo 
startled by the boldness of the hypothesis. But the difficulty will 
disappear when once sufficient time is allowed for the gradual rising 
and sinking of the strata at many successive geological periods, 
during which the waves and currents of the ocean, and the power of 
rain, rivers, and land-floods, might slowly accomplish operations 
which no sudden diluvial rush of waters could possibly effect. 

Among other proofs of the action of water, it may be stated that 
the great longitudinal valleys follow the outcrop of the softer and 
more incoherent beds, while ridges or lines of cliff usually occur at 
those points where the strata are composed of harder stone. Thus, 
for example, the chalk with flints, together with the subjacent upper 
greensand, which is often used for building, under the provincial 
name of ‘‘ firestone,” have been cut into a steep cliff on that side on 
which the sea encroached. This escarpment bounds a deep valley, 
excavated chiefly out of the soft argillaceous bed, termed gault 
(No. 3., map, p. 3o6.). In some places the upper greensand is in a 
loose and incoherent state, and there it has been as much denuded as 
the gault; as, for example, near Beachy Head; but farther to the 
westward it is of great thickness, and contains hard beds of blue 
chert and calcareous sandstone or firestone. Here, accordingly, we 
find that it produces a corresponding influence on the scenery of the 
country ; for it runs out like a step beyond the foot of the chalk- 
hills, and constitutes a lower terrace, varying in breadth from a 
quarter of a mile to three miles, and following the sinuosities of the 
chalk-escarpmentf . 



a. Chalk with Bint*. b. Chalk without flints, 

c. Upper greensand, or firestone. cf. Gault. 


* See illustrations of this theory, by Sussex, &c., GcoL Trans., Second Series, 
Dr. Fitton, Gcol. Sketch of Hastings. voL ii. p. 98 . 
t Sir R. Murchison, GeoL Sketch of 
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It is impossible to desire a more satisfactory proof that the escarp- 
ment is due to the excavating power of water during the rise of the 
strata, or during their rising and sinking at successive periods 5 for 
I have shown, in my account of the coast of Sicily (p, 76.), in what 
manner the encroachments of the sea tend to efface that succession of 
terraces which must otherwise result from the intermittent upheaval 
of a coast preyed upon by the waves. During the interval between 
two elevatory movements, the lower terrace will usually be destroyed, 
wherever it is composed of incoherent materials ; whereas the st>a 
will not have time entirely to sweep away another part of the same 
terrace, or lower platform, which happens to bo composed of rocks of 
a harder texture, and capable of offering a firmer resistance to the 
erosive action of water. As the yielding clay termed gault would be 
readily washed away, wo find its outcrop marked everywhere by a 
valley which skirts the base of the chalk-hills, and which is usually 
bounded on the opposite side by the lower greensand; but as the 
upper beds of this last formation are most commonly loose and inco- 
herent, they also have usually disappeared and increased the breadth 
of the valley. In those districts, however, where chert, limestone, 
and other solid materials enter largely into the composition of this 
formation (No. 4., map, p. 356.), they give rise to a range of hills 
parallel to the chalk, which sometimes rival the cscarj)ment of the 
chalk itself in height, or even surpass it, as in Leith Hill, near 
Dorking. This ridge often presents a steep escarpment towards 
the soft argillaceous deposit called the Weald clay (as above, No, 5 . ; 
fig. 356. p. 357.), which usually forms a broad valley, separating 
the lower greensand from the Hastings sands or Forest liidge ; 
but where subordinate beds of sandstone of a firmer texture occur, 
the uniformity of the plain of No. 5. is broken by waving irregu- 
larities and hillocks. 

Pluvial action. — In considering, however, the comparative de- 
structibility of the harder and softer rocks, we must not underrate 
the power of rain. The chalk-downs, even on their summits, are 
usually covered with unrounded chalk-flints, such as might remain 
after masses of white chalk had been softened and removed by water. 
This superficial accumulation of the hard or siliceous materials of 
disintegrated strata may be due in no small degree to pluvial action ; 
for during extraordinary rains a rush of water charged with cal- 
careous matter, of a milk-white colour, may be seen to descend even 
gently sloping hills of chalk. K a layer no thicker than the tenth 
of an inch be removed once in a century, a considerable mass may 
in the course of indefinite ages melt away, leaving nothing save a 
stratum of flinty nodules to attest its former existence. A bed of fine 
clay sometimes covers the surface of slight depressions in the white 
chik, which may represent the aluminous residue of the rock, after 
the pure carbonate of lime has been dissolved by rain-water, charged 
with excess of carbonic acid derived from decayed vegetable matter. 
The acidulous waters sometimes descend through ‘‘sand-pipes” and 
“swallow-holes” in the chalk, so that the surface may be under- 
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mined, and cavities maj be formed or enlarged, even hj that part of 
the drainage which is subterranean.* 

Lines of Fracture, — Mr. Martin, in his work on the geology of 
Western Sussex, published in 1828, threw much light on the struc- 
ture of the Wealden by tracing out continuously for miles the direc- 
tion of many anticlinal lines and cross fractures; and the same 
course of investigation has since been followed out in greater detail 
by Mr. Hopkins. The geologist and mathematician last-mentioned 
has shown that the observed direction of the lines of flexure and 
dislocation in the Weald district coincide with those which might 
have been anticipated theoretically on mechanical principles, if we 
assume certain simple conditions under which the strata were lifted 
up by an expansive subterranean force.'f 

Ilia opinion, that both the longitudinal and transverse lines of 
fracture may have been produced simultaneously, accords well with 
that expressed by M. Thurmann, in his work on the anticlinal ridges 
and valleys of elevation of the Bernese Jura.J For the accuracy 
of the map and sections of the Swiss geologist I can vouch, from 
personal examination, in 1835, of part of the region surveyed by him. 
Among other results, at which he arrived, it appears that the 
breadth of the anticlinal ridges and dome-shaped masses in the Jura 
is invariably great in proportion to the number of the formations 
exposed to view ; or, in other words, to the depth to which the super- 
imposed groups of secondary strata have been laid open. (See fig. 71. 
p, 55. for structure of Jura.) He also remarks, that the anticlinal 
lines are occasionally oblique and cross each other, in which case the 
greatest dislocation of the beds takes place. Some of the cross frac- 
tures are imagined by him to have been contemporaneous with others 
subsequent to the longitudinal ones. 

I have assumed, in the former part of this chapter, that the rise of 
the Weald was gradual, whereas many geologists have attributed its 
elevation to a single effort of subterranean violence. There appears 
to them such a unity of effect in this and other lines of deranged 
strata in the south-east of England, such as that of the Isle of Wight, 
as is inconsistent with the supposition of a great number of separate 
movements recurring after long intervals of time. But we know that 
earthquakes are repeated throughout a long series of ages in the 
same spots, like volcanic eruptions. The oldest lavas of Etna were 
poured out many thousands, perhaps myriads of years before the 
newest, and yet they, and the movements accompanying their emission, 
have produced a symmetrical mountain ; and if rivers of melted 
matter thus continue to flow upwards in the same direction, and 
towards the same point, for an indefinite lapse of ages, what diffi- 
culty is there in conceiving that the subterranean volcanic force, 
occasioning the rise or fall of certain parts of the earth’s crust, 

* See above, p. 82, 83. “ Sand-pipes f Geol. Soc. Proceed. No. 74. p. 363. 
in Chalk and ih^twich, GeoL Quart. 1841, and G. S. Trans. Second Ser.vol. vil 
Journ. voL x. p. 222. t Soul^vemens Jorassiques. 1832. 
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reiterated movements, produce the most perfect unity of 

result ? 

At what periods the Weald valley was denuded , — We may next 
inquire at what time the denudation of the Weald was effected, and 
we shall find, on considering all the facts brought to light by recent 
investigation, that it was accomplished in the course of so long a 
series of ages, that the greatest revolutions in the physical geography 
of the globe, yet known to us, have taken place within the same 
lapse of time. It has now been ascertained, that part of the denu- 
dation of the Weald was completed before the British Eocene strata, 
and consequently before the nummulitic rocks of Europe and Asia 
were formed. The date, therefore, of part of the changes now under 
contemplation was long antecedent to the existence of the Alps, 
Pyrenees, and many other European and Asiatic mountain -chains, 
and even to the accumulation of large portions of their component 
materials beneath the sea. 

M. Elie de Beaumont suggested, in 1833, that there was an island 
in the Eocene sea in the area now occupied by the French and 
English Wealden strata, and he gave a map or hypothetical restora- 
tion of the ancient geography of that region at the era alluded to.* 
Mr. Prestwich has since shown that the materials of which tlie 
lower tertiary beds of England are made up, and their manner of 
resting on the chalk, imply, that such an island, or several islands 
and shoals, composed of Chalk, Upper Greensand, Gault, and pro- 
bably of some of the Lower Cretaceous rocks, did exist somewhere 
between the present North and South Downs. The undermined 
cliffs and shores of those lands supplied the flints, which the action 
of the waves rounded into pebbles, such as now form the Woolwich 
and Blackheath shingle-beds below the London Clay. It is &u[)- 
posed, that the land referred to was drained by rivers flowing into 
the Eocene sea, and whence the brackish and freshwater deposits of 
AVoolwich and other contemporaneous strata f were derived. The 
large size of some of the rolled flints (eight inches and upwards in 
diameter) of the Blackheath shingle demonstrates the proximity of 
land. Such heavy masses could not have been transported from 
great distances, whether they owe their shape to waves breaking on 
a sea-beach, or to rivers descending a steep slope. 

In the annexed diagram (fig. 364.) Mr. Prestwich has represented 
a section from near Saffron Walden, in Essex, to the Weald, parsing 
north and south through Godstone, in which we see how the chalk, 
c, had been disturbed and denuded before the lower Eocene beds, by 
were deposited. Some small patches of the last-mentioned beds, 
consisting of clay and sand, extend occasionally, as in this instance, 
to the very edge of the escarpment of the North Downs, proving that 
the surface of the white chalk, now covered with tertiary strata, is 
the same which originally constituted the bottom of the Eocene sea. 

* Mem. dc la Soc. GeoL de France, f See p. 221. above. 
voL i. part i. p. 111. pi 7. fig. 5. 
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Section Rhowing that the Weald had bc^cn denuded of chalk before the Lower Eocene itrata were 
deposited. (See Pre«twlch, GeoL Quart. Journ., toI. rili. p. 25C. 1852.) 

S. Relative position of Saffron Walden. 

G. Cliaik>esrarpment above Godstone, surmounted by a patch of the Lower Tertiary beds, V. 
a. London Clay. 5, d\ Lower Tertiarles. c. Chalk. 

d. Upper Greensand. e. Gault. / Lower Greensand and Wealden. 

jr. Point at which the present upper and under surfaces of the chalk, if they were prolonged, would 
converge. 


It is therefore inferred, tliat, if we prolong soutliwards the upper 
and under surfaces of tlie chalk, along the dotted line in the above 
section, they would converge at the point x ; therefore, beyond that 
point, no white chalk existed at the time when the Eocene beds, fi, 
were formed. In other words, the central parts of the Wealden, 
south of X, were already bared of their original covering of chalk, 
or had only some slight patches of that rock scattered over them. 

The island, or islands, in the Eocene sea may be represented in 
the annexed diagram (fig. 365.) ; but doubtless the denudation ex- 


Flg. ZC6, 
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Sea 


Island in the Eocene Sea. 

m. Chalk, Upper Greensand, and Gault. b. Lower Greensand. 


h a 

c. Wealden. 


tended farther in width and depth before the close of the Eocene 
period, and the waves may have cut into the Lower Greensand, and 
perhaps in some places into the Wealden strata. 

According to this view the mass of cretaceous and subcretaceous 
rocks, planed off by the waves and currents in the area between 
the North and South Downs before the origin of the oldest Eocene 
bods, may have been as voluminous as the mass removed by denu- 
dation since the commencement of the Eocene era. 

But the reader may ask, why is it necessary to assume that so 
much white chalk first extended continuously over the Wealden 
beds in this part of England, and was then removed ? May not 
suppose that land began to exist between the North and South 
Downs at a much earlier epoch ; and that the upper Wealden beds 
rose in the midst of the Cretaceous Ocean, so as to check the accu- 
mulation of white chalk, and limit it to the deeper water of adjoining 
areas? This hypothesis has often been advanced, and as often 
rejected ; for, had there been shoals or dry land so near, the white 
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chalk would not have remained unsoiled, or without intermixture of 
mud and sand ; nor would organic remains of terrestrial, duviatile, or 
littoral origin have been so entirely wanting in the strata of tlie 
North and South Downs, where the chalk terminates abruptly in 
the escarpments. It is admitted that the fossils now found there 
belong exclusively to classes which inhabit a deep sea. Moreover, 
the uppermost beds of the Wealden group, as Mr. Prestwich has 
remarked, would not have been so strictly conformable with the 
lowest beds of the Lower Greensand had the strata of the Wealden 
undergone upheaval before the deposition of the incumbent creta- 
ceous series. 

But, although we must assume that the white chalk was once 
continuous over what is now the Weald, it by no means follows that 
the first denudation was subsequent to the entire Cretaceous era. 
Most probably it commenced before a large portion of the Maestricht 
beds were formed, or while they were in progress. I have already 
stated (p. 314. above), that in parts of Belgium I observed rolled 
pebbles of chalk-flints very abundant in the lowest Maestricht beds, 
where these last overlie the white chalk, showing at how early a 
date the chalk was upraised from deep water and exposed to aqueous 
abrasion. 

Guided by the amount of change in organic life, we may estimate 
the interval between the Maestricht beds and the Thanet Sands to 
have been nearly equal in duration to the time which elapsed 
between the deposition of those same Thanet Sands and the Glacial 
period. K so, it would bo idle to expect to be able to make ideal 
restorations of the innumerable phases in physical geography through 
which the south-east of England must have passed since the Weald 
began to be denuded. In less than half the same lapse of time the 
aspect of the whole European area has been more than once entirely 
changed. Nevertheless, it may be useful to enumerate some of the 
known fluctuations in the pliysical conformation of the Weald and 
the regions immediately adjacent during the period alluded to. 

First, we have to carry back our thoughts to those very remote 
movements which first brought up the white chalk from a deep sea 
into exposed situations where the waves could plane off certain 
portions, as expressed in diagram, fig. 364., before the British Lower 
Eocene beds originated. 

Secondly, we have to take into account the gradual wear an«l 
tear of the chalk and its flints, to which the Thanet sands bear 
witness, as well as the subsequent Woolwich and Blackheath shingle- 
beds, occasionally 50 feet thick, and composed of rolled flint-pebbles. 

Thirdly, at a later period a great subsidence took place, by which 
the shallow- water and fresh- water beds of Woolwich and other 
Lower Eocene deposits were depressed (sec above, p. 294.) so as to 
allow the London Clay and Bagshot series, of deep-sea origin, to 
accumulate over them. The amount of this subsidence, according 
to Mr. Prestwich, exceeded 800 feet in the London, and 1800 feet 
in the Hampshire or Isle of Wight basin ; and, if so, the intervening 
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area of the Weald could scarcely fail to share in the movement, and 
some parts at least of the island before spoken of (fig. 365. p. 366.) 
would become submerged. 

Fourthly. After the London clay and the overlying Bagshot sands 
had been deposited, they appear to have been upraised in the London 
basin, during the Eocene period, and their conversion into land in 
the north seems to have preceded the upheaval of beds of correspond- 
ing age in the south, or in the Hampshire basin ; because none of 
the fiuvio-marine Eocene strata of Hordwell and the Isle of Wight 
(described in Chap. XVL) are found in any part of the London area. 

Fifthly. The fossils of the alternating marine, brackish, and fresh- 
water beds of Hampshire, of Middle and Upper Eocene date, bear 
testimony to rivers draining adjacent lands, and to the existence of 
numerous quadrupeds in those lands. Instead of these phenomena, 
the signs of an open sea might naturally have been expected, as a 
consequence of the vast subsidence of the Middle Eocene beds before 
mentioned, had not some local upheaval taken place at the same time 
in the Isle of Wight, or in regions immediately adjacent. Whatever 
hypothesis be adopted, we are entitled to assume that during the 
Middle and Upper Eocene periods there were risings and sinkings of 
land, and changes of level in the bed of the sea in the south-east of 
England, and that the movements were by no means uniform over 
the whole area during these periods. The extent and thickness of 
the missing bt^ds in the Weald siiould of itself lead us to look for 
proofs of that area having, by repeated oscillations, changed its level 
frequently, and, ofteiier than any adjoining area, been turned from 
sea into land and land into sea ; for the submergence and emergence 
of land augment, beyond any other cause, the wasting and removing 
power of water, whether of the waves and tides or of rivers and 
land floods. 

Sixthly. The Lower Miocene strata of the Isle of Wight (or the 
Hempstead beds before described) have been upraised several 
hundred feet above the level of the sea in which they were origi- 
nally formed. This upward movement may have occurred, in great 
part at least, during the Miocene period, when a large part of Europe 
is supposed to have become land, as before suggested (p. 240.). Hence 
we are entitled to speculate on the probability of revolutions in the 
physical geography of the adjoining Weald in times intermediate 
between the deposition of the Hempstead beds and the origin of the 
Suffolk crag. 

Seventhly. We have already seen (p. 232.) that certain ferru- 
ginous sands lie in patches on the North Downs, some of them from 
20 to 40 feet in thickness, and referable by tbeir fossils to the same 
age as the Diest sands of Belgium. They are probably somewhat 
older than the coralline crag of Suffolk, and, as before explained, 
may constitute the only representative in the British Isles of the 
Upper Miocene or Falunian epoch. It is clear, from the relative 
position of the sands in question on the North Downs to the Lower 
Eocene deposits of the London clay, Wcolwicli and Thanet series, 
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that, before the waters of the Upper Miocene* sea spread over this 
region south of the Thames, all those Eocene strata had been much 
wasted and often reduced to mere isolated outliers scattered over the 
chalk. After the ferruginous sands were thrown down the bed of 
the sea must have been again raised 500 or 600 feet, in order that 
the North Downs might attain their present elevation. 

We learn from these discoveries how impossible it may often be 
to demonstrate the former presence of the sea on any given area by 
organic remains, or by sea-beaches. Long and diligent inquiries had 
been made before the year 1856, for sea-shells of recent or crag 
species, and for the signs of old sea-margins within the area of the 
North and South Downs and the Wealden, or on Nos. 2, 3, 4, 5, 6, 
and 7. of the map (p. 356.) ; but in vain, until at last a few shells and 
casts of others prove incontestibly the sojourn of the Older Pliocene 
or Upper Miocene sea in those very spaces. We must now, there- 
fore, admit the retreat of its waters to have been an event as modern 
as the Upper Miocene, if not the Pliocene period. It follows that 
in many cases the land may have sunk and have emerged again 
without retaining on its surface any monuments of the kind usually 
demanded as indispensable to warrant our speculating on marine 
denudation as a great modifying cause in the physical geography of 
the globe. 

Eighthly. But we have still to consider another vast interval of 
time — that which separated the end of the Miocene from the end of 
the Newer Pliocene era — a lapse of ages which, if measured by the 
fluctuations experienced in the marine fauna, may have sufficed to 
submerge and re-elevate whole continents by a process as slow as 
that which is now operating to upraise Sweden and depress Green- 
land. 

Lastly. The reader must recall to mind whnt was said, in Chap- 
ters XI. and XII. respecting the vast geographical changes of Post- 
pliocene date, especially those relating to the glacial drift and its 
far-transported materials. A wide extent of the British Isles appears 
to have been under the sea during some part or other of that epoch. 
Most of the submerged areas were afterwards converted into dry 
land, now several hundred and in Wales more than thirteen hundred 
feet high, as proved by marine fossil shells. It seems highly pro- 
bable that the Wealden area was dry land when the most charac- 
teristic northern drift originated, no traces of northern erratics 
having been met with farther south than Highgate, near London. 
But it by no means follows that the area of the Weald was stationary 
during all these ages. It may have been raised and depressed, and its 
surface may have been modified by rain, rivers, and floods caused 
by the sudden melting of deep snow* again and again during the 
Glacial era.* 

♦ In my Geological Evidences of the place in Post-pliocene times, availing 
Antiquity of Man, pp. 276. 278., I have myself of the maps and memoirs of 
given maps ilinstrating the changes in Mr. Trimmer, Mr. Godwin- Austen, and 
physical geography which have taken others. 

BB 
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It WM long ago observed hj Dr. Mantell that no vestige of the 
chalk and its flints has been seen on the central ridge of the Weald or 
on the Hastings Sands, bat merelj gravel and loam derived from the 
rocks in situ ki the neighbourhood. This distribution of alluviam, 
especially the absence of chalk-flints in the central district, agrees 
well with the theory of denudation before set forth ; for by referring 
to fig. 356. (p. 357.), the reader will see that had the chalk (No. 2.) 
been once continuous, and covered everywhere with flint-gravel, 
this gravel would be the first to be carried away from the 
highest part of the dome long before any of the gault (No. 3.) 
was laid bare. Now, if some ruins of the chalk remain at first 
on the gault, these would be, in a great degree, cleared away 
before any part of the lower greensand (No. 4.) is denuded. Thus 
in proportion to the number and thickness of the groups removed 
in succession, is the probability lessened of our finding any remnants 
of the highest groups strewed over the bared surface of the lowest. 

But it is objected, that, had the sea at one or several periods been 
the agent of denudation, we should have found ancient sea-beaches 
at the foot of the escarpments, and other signs of oceanic erosion. 
As a general rule, the wreck of the white chalk and its flints can 
only be traced to slight distances from the escarpments of the North 
and South Downs. Even where exceptions occur, and where 
flints are seen two or three miles from the nearest chalk, they are 
so angular as to be regarded by many as indicating fluviatile rather 
than marine denudation. Without wishing to gainsay the doctrine 
that many of the last superficial changes of the Weald may have 
been due to rain and rivers, combined with successive upheaval and 
depression of land, I may, nevertheless, remind the reader that, in 
the absence of organic remains, it is often impossible to distinguish 
between gravel formed in the bed of a river and that which accumu- 
lates on a sea-beach. For if we examine the broken flints at the 
base of a cliflf, in places where they are not peculiarly exposed 
to the continuous and violent action of the waves, we may observe 
that they retain much angularity. This may be seen between tlie 
Old Harry rocks in Dorsetshire and Christchurch in Hampshire. 
Throughout the greater part of that line of coast the cliffs are com- 
posed of tertiary strata, capped by a dense covering of gravel 
formed of flints slightly abraded. As the waste of the cliffs is 
rapid, the old materials are gradually changed for new ones on the 
beach ; nevertheless we have here an example of angles being re- 
tained after two periods of attrition ; first, that during which the 
gravel was spread originally over the Eocene deposits ; and secondly, 
when the Eocene sands and clays were undermined and the modern 
cliff and sea-beach formed. As to the angularity of the flints, it 
has been thought by some authorities to imply great violence in the 
removing power, especially in those cases where well-rounded 
pebbles washed out of Eocene strata are likewise found broken, 
sometimes with sharp edges, and often with irregular pieces chipped 
out of them as if by a smart blow. Such fractured pebbles occur 
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not uoft^qaently in the drift of the valley of the Thames, la ex« 
planation I may remark that, in the Blackheath and other Eocene 
shingle-beds, hard egg-shaped dint-pebbles may be found in such a 
state of decomposition as to break in the same manner on the appli- 
cation of a mod^te blow, such as stones might encounter iu the 
bed of a swollen river or on a sea-coast. 

Angular dint-breccia is not confined to the Weald, nor to the 
transverse gorges in the chalk, but extends along the neighbouring 
coast from Brighton to Bottingdean, where it was called by 
Dr. Mantell the elephant-bed,** because the bones of the mammoth, 
£. primigeniuSf abound in it with those of the horse and, more 
rarely, the rhinoceros, R, tichorhinm. The following is a section of 
this formation as it appears in the Brighton 



A. ChAtk with layers of flint dipping slightly to the south. 

b. Ancient beach, consisting of fine sand, from one to lour feet thick, cohered by shingle fr^m fiv 

to eight feet thick of pebbies of chalk«Bint, granite, and other rocks, wltn broken shells of 
recent marine species, and bones of cetacea. 

c. Elephant-bed, about fifty feet thick, consisting of layers of White chalk rubble, with broken chalk- 

flints, often more confusedly stratified than is represented in this drawing, tn which deposit 
are found bones of ox, deer, horse, and mammoth. 

d. Sand and shingle of modern beach. 


To explain this section we must suppose that, after the excava- 
tion of the cliff A, the beach of sand and shingle b was formed by 
the long-continued action of the sea. The presence of JJttorina 
Httorea and other recent littoral shells determines the modern date 
of the accumulation. The overlying beds are composed of such 
calcareous rubble and flints, rudely stratified, as are often con- 
spicuous in parts of the Norfolk coast, where they are associated 
with glacial drift, and were probably of contemporaneous origin. 
Similar flints and chalk-rubble have been recently traced by Sir 
Roderick Murchison to Folkestone and along the face of the 
cliffs at Dover, where the teeth of the fossil elephant have been 
detected. 

Mr. Prestwich also has shown that at Sangatte, near Calais, on 
♦ See also Sir E. Murchison, GeoL Quart. Joum., toI. vil. p. 365, 
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the eaast exactly opposite Dover, a similar waterwom beacb, with 
fUQ incumbent mass of angular flint-breccia, is visible. I have my- 
self visited this spot, and found the deposit strictly analogous to 
that of Brighton. The fundamental ancient beach has been up- 
lifted more than ten feet above its original level. The flint-pebbles 
in it have evidently been rounded at the base of an ancient chalk- 
cliff, the course of which can still be traced inland, nearly parallel 
with the present shore, but with a space intervening between them 
of about one-third of a mile in its greatest breadth. 

Of a somewhat older date than the Brighton beach are some large 
erratic blocks, the greatest number of which are seen at Pagham 
and Selsea, fifteen miles south of Chichester, consisting of granite 
and many other rocks which are not of northern origin, but which 
seem to have been drifted into their present site by coast-ice from 
Normandy and Brittany. They overlie a Post-pliocene deposit of 
marine origin. Like the Brighton beacb, they help to prove that 
during the Glacial period a sea-coast bounded the elevated district 
of the Weald to the south of the present South Downs. 

Professor Ramsay*, and some other able geologists, who fully 
admit that the denudation of the Wealden area and that of the 
North and South Downs was mainly effected by the agency of the 
sea, incline, nevertheless, to the opinion that the great escarpments 
of the chalk may have been due to pluvial and fluviatile erosion, 
the sea, when it last retired, having left the secondary strata planed 
off at one and the same level. But this hypothesis seems to me un- 
tenable, because, assuming that tlie last of the submarine areas due 
to denudation had an even and level surface before it emerged, I 
cannot imagine that great superficial inequalities would not have 
been produced by the waves and tides of the sea during the time 
when the chalk, gault, greensand, and other formations, some com- 
posed of harder and some of softer materials, were raised gradually 
above the waters. The scooping out of the great longitudinal 
valleys must have commenced during such upheaval; and as to 
the transverse valleys, if it be true, as Mr. Jukes has suggested, that 
they originated at a very remote era by fluviatile erosion, when 
the chalk extended farther towards the <jentral axis of the Wealden 
than now, «till the subsequent deepening of these valleys must have 
been due in part to tidal action. As to the power of mere atmospheric 
causes, we have only to endow them with a small portion of the force 
ascribed to them by the geologists in question, and we can have no 
difficulty in explaining how all traces of the sea in the shape of 
littoral shells or beach deposits should have disappeared. Shells, 
once strewed over ancient shores, may have decomposed so as to 
make it impossible for us to assign an exact paleontological date 
to the period of emergence ; hut the leading inequalities of hill 

♦ See Professor Ramsay’s Physical Geology and Geography of Cheat 
Britain, 2nd ed.: London, 1864. 
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and dale, the long lines of escarpment, the longitudinal and trans- 
verse valleys, may still be mainly due to the power of the waves 
and currents of the sea. 

In despair of solving the problem of the present geographical 
configuration and geological structure of the Weald by an apy>eal 
to ordinary causation, some geologists have been fain to invoke 
the aid of imaginary rushes of salt water” over the land during 
the sudden upthrow of the bed of the sea, when the anticlinal axis 
of the Weald was formed. Others refer to vast bodies of fresh 
water breaking forth from subterranean reservoirs, when the rocks 
were riven by earthquake shocks of intense violence. The single- 
ness of the cause and the unity of the result are emphatically 
insisted upon :*the catastrophe was abrupt, tumultuous, transient, 
and paroxysmal; fragments of stone were swept along to great 
distances without time being allowed for attrition ; alluvium was 
thrown down unstratified, and often in strange situations, on the 
flanks or on the summits of hills, while the lowest levels were left 
bare. The convulsion was felt simultaneously over so wide an 
area, that all the individuals of certain species of quadrupeds were 
at once annihilated ; yet the event was comparatively modern, for 
the species of testacea now living were already in existence. 

This hypothesis is untenable and unnecessary. In the present 
chapter I have endeavoured to show how numerous have been the 
periods of geographical change, and how vast their duration. 
Evidence to this effect is afforded by the relative position of the 
chalk and overlying tertiary deposits ; by the nature, character, and 
position of the tertiary strata ; and by the overlying alluvia of the 
Weald and adjacent countries. As to the superficial detritus, its 
insignificance in volume, when compared to the missing rocks, 
should never be lost sight of. A mountain-mass of solid matter, 
hundreds of square miles in extent, and hundreds of yards in thick- 
ness, has been carried away bodily. To what distance it has been 
transported we know not, but certainly beyond the limits of the 
Weald. For achieving such a task, if we are to judge by analogy, 
all transient and sudden agency is hopelessly inadequate. There is 
one^power alone which is competent to the task, namely, the me- 
chanical force of water in motion, operating gradually and forages. 
We have seen in the sixth chapter that every stratified portion of 
the earth’s crust is a monument of denudation on a grand scale, 
always effected slowly ; for each superimposed stratum, however 
thin, has been successively and separately elaborated. Every 
attempt, therefore, to circumscribe the time in which any great 
amount of denudation, ancient or modern, has been accomplished, 
draws with it the gratuitous rejection of the only kind of machinery 
known to us which possesses the adequate power. 

If, then, at every epoch, from the most ancient to the Pliocene in- 
clusive, voluminous masses of matter, such as are missing in the 
Weald, have been transferred from place to place, and always re- 
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mored gradnallf, it seems extravagant to imagine an exception in 
the verj region where we can prove the first and last acts of 
denudation to have been separated bj so vast an interval of time. 
Here, might we say, if anywhere within the range of gedogical 
inquiry, we have time enough, and without stint, at our command. 
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CHAPTER XX. 

JUBAS8IC GROUP. — PDBBECK BEDS AND OOLITE. 

The Purbeck beds a member of the Jurassic group — Subdivisions of tlmt group— 
Physical geography of the Oolite in England and France— Upper Oolite— 
Purbeck beds — IJew genera of fossil mammalia in the Middle Purbeck of 
Dorsetshire — Dirt-bed or ancient soil — Fossils of the Purbeck beds — Portland 
stone and fossils— Lithographic stone of Solenhofen — Archoopteiyx — Middle 
Oolite— Coral rag — Zoophytes — Neriua^n limestone — Diceras limestone — Ox- 
ford clay, Ammonites and Belemnites — Kelloway Rock — Lower Oolite, Cri- 
noideans — Great Oolite and Bradford clay — Stonesdeld slate — Fossil mammalia 
— Resemblance to an Australian fauna — Northamptonshire slates — Yorkshire 
Oolitic coal-field — Brora coal — Fuller’s earth — Inferior Oolite and fossils— X*alie- 
ontological relations of the several subdivisions of the Oolitic group. 

Immediately below the Hastings Sands (the inferior member of the 
Wealden, as defined in the eighteenth chapter), we find in Dorsetshire, 
another remarkable freshwater formation, called the Purbecky be- 
cause it was first studied in the sea-clilfs of the peninsula of Pur- 
beck in Dorsetshire. These beds were formerly grouped with the 
Wealden, but some organic remains recently discovered in certain 
intercalated marine beds show that the Purbeck series has a close 
affinity to the Oolitic group, of which it may be considered C'i the 
newest or uppermost member. 

In England generally, and in the greater part of Europe, both 
the Wealden and Purbeck beds are wanting, and the marine 
cretaceous group is followed immediately, in the descending order, 
by another series called the Jurassic. In this term, the formations 
commonly designated as “the Oolite and Lias” are included, both 
being found in the Jura Mountains. The Oolite was so named be- 
cause in the countries where it was first examined, the limestones 
belonging to it had an oolitic structure (see p. 12.). These rocks 
occupy in England a zone which is nearly thirty miles in average 
breadth, and extends across the island, from Yorkshire in the north- 
east, to Dorsetshire in the south-west. Their mineral characters 
are not uniform throughout this region ; but the following are the 
names of the principal subdivisions observed in the central and 
south-eastern parts of England. 

OOLITE. 

r a. Purbeck beds. 

Upper ^ b, Portland stone and sand. 

[ c. Kimmeridge clay. 
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Middle 

Lower 


/ d. Coral raff. 

I e, Oxford clay, and Kelloway rock. 

I f. Corn brash and Forest marble. 
g. Great Oolite and Btonesfield slate. 
A. Fuller's earth. 

I. Inferior Oolite. 


The Lias then succeeds to the Inferior Oolite, 


The Upper Oolitic system of the above table has usually the 
Kimmeridge clay for its base ; the Middle oolitic system, the Oxford 
clay. The Lower system reposes on the Lias, an argillo-calcareous 
formation, which some include in the Lower Oolite, but which will 
bo treated of separately in the next chapter. Many of these sub- 
divisions are distinguished by peculiar organic remains ; and, 
though varying in thickness, may be traced in certain directions 
for great distances, especially if we compare the part of England 
to which the above-mentioned type refers with the north-east of 
France and the Jura Mountains adjoining. In that country, distant 
above 400 geographical miles, the analogy to the accepted English 
type, notwithstanding the thinness or occasional absence of the 
clays, is more perfect than in Yorkshire or Normandy. 

Physical geography , — The alternation, on a grand scale, of dis- 
tinct formations of clay and limestone has caused the oolitic and 
liassic series to give rise to some marked features in the physical 
outline of parts of England and France, Wide valleys can usually 
be traced throughout the long bands of country where the argilla- 
ceous strata crop out ; and between these valleys the limestones are 
observed, composing ranges of hills or more elevated grounds. 
These ranges terminate abruptly on the side on which the several 
clays rise up from beneath the calcareous strata. 

The annexed cut will give the reader an idea of the configuration 
of the surface now alluded to, such as may be seen in passing from 
Loudon to Cheltenham, or in other parallel lines, from east to west, 
in the southern part of England. It has been necessary, however, 


Fig. 367. 

Lower Middle Upper London 

Oolite. Oolite. Oolite. Chalk, clay. 


Lias. Oxford Clay. Kim. clay. Gault. 

in this drawing, greatly to exaggerate the inclination of the beds, 
and the height of the several formations, as compared to their 
horizontal extent. It will be remarked, that the lines of cliff, or 
escarpment, face towards the west in the great calcareous eminences 
formed by the Chalk and the Upper, Middle, and Lower Oolites ; 
and at the base of which we have respectively the Gault, Kim- 
meridge clay, Oxford clay, and Lias. This last forms, generally, a 
broad vale at the foot of the escarpment of inferior oolite, but where 
it acquires considerable thickness, and contains solid beds of marl- 
stone, it occupies the lower part of the escarpment. 
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The external outline of the country which the geologist observea 
in travelling eastward from Paris to Meta, is precisely analogous, 
and is caused by a similar succession of rocks intervening between 
the tertiary strata and the Lias ; with this difference, however, that 
the escarpments of Chalk, Upper, Middle, and Lower Oolites face 
towards the east instead of the west. 

The Chalk crops out from beneath the tertiary sands and clays of 
the Paris basin, near Epemay, and the Gault from beneath the 
Chalk and Upper Greensand at Clermont-en-Argonne ; and passing 
from this place by Verdun and Etain to Metz, wo find two limestone 
ranges, with intervening vales of clay, j»recisely resembling those of 
southern and central England, until wo reach the great plain of 
Lias at the base of the Inferior Oolite at Metz. 

It is evident, therefore, that the denuding causes have acted simi- 
larly over an area several hundred miles in diameter, sweeping away 
the softer clays more extensively than the limestones, and under- 
mining these last so as to cause them to form steep cliffs wherever 
the harder calcareous rock was bused upon a more yielding and de- 
structible clay. 


UPPER OOLITE. 

Purbeck beds (a. Tab., p. 375.). — These strata,- which we class as 
the uppermost member of the Oolite, are of limited geograjihical 
extent in Europe, as already stated, but they acquire im]K)rtance 
when we consider the succession of three distinct sets of fossil 
remains which they contain. Such repeated changes in organic life 
must have reference to the history of a vast Ia})se of ages. The 
Purbeck beds are finely exposed to view in Durdlestone Bay, near 
Swauage, Dorsetshire, and at Lul worth Cove and the neighboaring 
bays between Weymouth and Swanage. At Meup’s Bay, in parti- 
cular, Professor E. Forbes examined minutely, in 1850, the organic 
remains of this group, displayed in a continuous sea-cliff section ; 
and he added largely, to the information previously supplied in the 
works of Messrs. Webster, Fittori, De la Beche, Buckland, and 
Mantell. It appears from these researches that the Upper, Middle, 
and Lower Purbecks are each marked by peculiar species of organic 
remains, these again being different, so far as a comparison has yet 
been instituted, from the fossils of the overlying Hastings Sands and 
Weald Clay.* 

Upper Purbeck, — The highest of the three divisions is purely 
freshwater, the strata, about 50 feet in thickness, containing shells 
of the genera Paludina^ Physa^ Limncea, Planorbis, Valvata, Cy^ 
claSy and Unto^ with Cyprides and fish. All the species seem pecu- 
liar, an^among these the Cyprides are very abundant and charac- 
teristic. (See figs. 368. a, 5, e.) 

The stone called ‘^Purbeck Marble,’^ formerly much used in 

♦ « On the Dorsetahire Purbecks/' by Prof. E. Forbes, Brit. Assoc. Edinb., 1850, 
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Cypridei from the Upper Purbecki. 

a. CifpHt gibbosat E. Forbei. A. Cgprii tubercuiata, E. Forhet. c. Cgprii legwtmineUa, B. Forbet. 

ornamental architecture in the old English cathedrals of the southern 
counties, is exclusively procured from this division. 

Middle Purbeek. — Next in succession is the Middle Purbeck, 
about 30 feet thick, the uppermost part of which consists of fresh- 
water limestone, with cyprides, turtles, and fish, of different species 
from those in the preceding strata. Below the limestone are 
brack ish-water beds f^ull of Cyrena^ and traversed by bands abound- 
ing in Corbula and Melania, These are based on a purely marine 
deposit, with Pecten, Modiola^ Avicula^ Thracia^ all undescribed 
shells. Below this, again, come limestones and shales, partly of 
brackish and partly of freshwater origin, in which many fish, 
especially species of Lepidotus and Microdon radiatus^ are found, 
and a crocodilian reptile named Macrorhyncus, Among the mollusks, 
a remarkable ribbed Melania^ of the section Chilina^ occurs. 

Immediately below is the great and conspicuous stratum, 12 feet 


Fig. 869. 


Fig. 370. 



Ontrea dittorta. 

Cinder-bed, Middle Purbeck. 

Hemicidarit Purbeckmtfs^ E. Forbes. 

Middle Purbeck. 

thick, long familiar to geologists under the local name of “ Cinder- 
bed,” formed of a vast accumulation of shells of Ostrea distorta, 



Fig. 371. 



Cyprides flrom the Middle Purbeeks. 

a. CgpriM siriaUh-fmmctatat E. Forbet. b, Cuprit/atciculaiat £. Forbes, c. Cgprit granulata^ Sow. 
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(fig. 369.). In the nppennost part of this bed Professor Forbes 
discovered the first echinoderm (fig. 370.) as yet known in the Par« 
beck series, a species of Hemieidaru^ a genus characteristic of tho 
Oolitic period, and scarcely, if at all, distinguishable from a pre* 
viously known Oolitic species. It was accompanied by a species of 
Pema. Below the Cinder-bed freshwater strata are again seen, 
filled in many places with species of Cyprig (fig. 371. a, c.), and 
with ValvatUj Paludina^ Flanorbu^ LimiUBO^ Phyta (fig. 372.), and 
Cyclasy all difierent from any occurring higher in the series. It 
will be seen that Cyprii fasciculata (fig. 371. 
i.) has tubercles at the end only of each 
valve, a character by which it can be imme- 
diately recognized. In fact, these minute 
crustaceans, almost as frequent in some of the 
shales as plates of mica in a micaceous sand- 
stone, enable geologists at once to identify the 
Middle Purbeck in places far from the Dorset- Brutoru, e. Forbw. 
shire cliffs, as, for example, in the Vale of Middle Purbick. 
Wardour, in Wiltshire. Thick siliceous beds of chert occur in the 
Middle Purbeck filled with mollusca ftnd cyprides of the genera 
already enumerated, in a beautiful state of preservation, often con- 
verted into chalcedony. Among these Professor Forbes met with 
gyrogonites (the spore- vessels of Chara\ plants never until 1851 
discovered in rocks older than Eocene. 

FossU Mammalia of the Middle Purbeck, — In the fourth edition of 
this work (1852), after alluding to the discovery of numerous insects 
and air-breathing mollusca in the “Purbeck,^ I remarked that, 
although no mammalia had then been found, it was too soon to infer 
their non-existence on mere negative evidence.” Only two ye|ir8 
after this remark was in print, Mr. W. R. Brodie found in the 
Middle Purbeck, about twenty feet below the “ Cinder ” above alluded 
to, in Durdiestone Bay, portions of several small jaws with teeth, 
which Professor Owen, after clearing away the matrix, recognized 
as belonging to a small mammifer of the insectivorous class. The 
teeth with pointed cusps resemble in some degree those of the Cape 
Mole {Chrysochlora aurea) ; but the number of the molar teeth (at 
least ten in each ramus of the lower jaw) accords better with some 
of the extinct mammalia of the Stonesfield Oolite (see below, p. 402.). 
This newly-found quadruped, therefore, seems to have been more 
closely allied in its dentition to the Amphitherium (or Thylacothe- 
rium) than to any existing insectivorous type. The angular pro- 
cess of the jaw, as in Amphitherium, is not bent inwards, an 
osteok>gical peculiarity confined to the marsupial tribes, and Pro- 
fessor Owen therefore fft first referred the Spalacotherium to the 
placental or ordinary monodelpbous mammalia. 

Four years later (in 1856) the remains of twelve or more species 
of warm-blooded quadrupeds were exhumed by Mr. S. H. Beckles, 
F.R.S., from the same thin bed of marl near the base of the Middle 
Purbeck. In this marly stratum many reptiles, several insects, and 
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80txie freihwaler shells of the genera Paludinn, Phnarbu, and 
Cpelut were found, 

Mr. Beckles had determined thoroughly to explore the thin layer 
of calcareous mud from which in the suburbs of Swanage the bones 
of the Spalaeotherium had already been obtained, and in three weeks 
he brought to light from an area forty feet long and ten wide, and 
from a layer the average thickness of which was only five inches, 
portions of the skeletons of six new species of mammalia, as inter- 
preted by Dr. Falconer, who first examined them. Before the 
i)eginning of the year 1857 the number of species recognized by the 
eminent zoologist last mentioned amounted to seven or eight, exclu- 
sive of two which had already been fijundby Mr. Brodie and named 
by Professor Owen. Before these interesting inquiries were brought 
to a close, the joint labours of Professor Owen and Dr. Falconer had 
made it clear that twelve or more species of mammalia characterized 
this portion of the Middle Purbeck, most of them insectivorous or 
[predaceous, varying in size from that of a mole to that of the common 
polecat, Musiela putorius* While the majority had the character of 
insectivorous marsujpials, Dr. Falconer selected one as differing widely 
from the rest, and pointed out that in certain characters it was allied 
to the living Kangaroo-rat, or Hypsiprymnus, ten species of which 
now inhabit the prairies and scrub-jungle of Australia, feeding on 
plants and gnawing scratched-iip roots. A striking peculiarity of 
their dentition, one in which they differ from all other quadrupeds, 
consists in their having a single large pre-molar, the enamel of which 
is furrowed with vertical grooves, usually seven iu number (see /, 
fig. 373., where the pre-molar of the VQCiint Ilypsiprymnus Gaimardi 
is represented). 

The largest pre-molar in the fossil genus exliibits in like manner 
seven parallel grooves, producing by their termination a similar 
serrated edge in the crown ; but their direction is diagonal — a dis- 
tinction, says Dr. Falconer, which is ‘‘ trivial, not typical.” 

As these oblique furrows form so marked a character of the 
majority of the teeth, Dr. Falconer has proposed for the fossil the 
generic name of Plagiaulax, The shape and relative size of the 
incisor a, figs. 373. and 374., exhibit a no less striking similarity to 
Hypsiprymnus. Nevertheless, the more sudden upward curve of 
this incisor, especially iu the larger species, as well as the number 
and characters of the other teeth, and the shortening, compression, 
and depth of the jaw, taken together with the backward projection 
of the condyle (rf, fig. 373.), indicate a great deviation in the form of 
Plagiaulax from that of the living kangaroo-rats. 

Our knowledge is at present confined to two fossil specimens of 
lower jaws*, evidently referable to two dHtinct species, extremely 
unequal in size and otherwise distinguishable. The largest, P. 
Becklesii (fig. 373.), was about as big as the English squirrel or the 

* Three additional specimens of P. confirm Dr. Falconer’s conclusion pre- 
Beckksii have since been found, some vionsly expressed in regard to the affinity 
with the two back molars entire. They of Plagiaulax and Microlestes. 
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flying phalanger of Australia {Beiaurtis AmiralU^ Waterhouse). 
The skeleton of this phalanger (named P. macrurui^ No. 1849., Mu- 
seum of College of Surgeons) measures dfteea inches in length. 


Fig. 373. 



Piagiautar Beckletii, FAlconer. 

The«« two figurPB repretent the t»me right ramtis of the lower jaw seen on the oppoilte 
surfaces of a split stone, Che two taken together afTurditig data fur a complete rcstorNtiun of 
the jaw. 

Upper figure (outer n'de). 

a^b,e'. Right ramus of tower jaw tnagoihed two diameters, a, 6, outer side. 6, o', d', c', Im* 
pretsion of inner side. 

a. Incisor. 

S, c. Line of vertical fracture behind the pre-molars, 

<f . Impression of the condyle in the matrix, 
r'. Impression of ton of coronuid process. 

/. Section of the anterior piece of the jaw at the fracture ft. c,— x. inner surface : y, outer. 
The notch at the top is formed by one of the sockets of the double* ianged trye 
molar. 

g. Section of the hinder piece near 6, c ; x, inner ; y, miter surface. 
o'. Broken-off iriflect<*d fold of Inner margin buried in the matrix. 

m. Sockets of two molars. 

p, m. Three pre-molars, the third and last divided by a crack. 

Lotoer figure (inner side). 

a\ d. Same lower jaw on the opposite slab of stone ; ft, d, c, ianer side ; ft, a\ A, cast and Im- 
pression of outer side. 
a*. Outline of the indaor restored, 
ft, c. Line of vertical fracture. 

d. Condyle. 

e. Coronoid, 

k. impression on the matrix of the three pre-molars. 
i. Kmrty sockets of the two true molars* 

n. Oriftce of deniary canal. 

o. Indication of the raised and inflected fold of the posterior Inner margin. 

k. Third or largest pre-molar, magnified diameters, showing the 7 diagonal grooves. 

/- Corresponding pre-molar in the recent Australian Hypsiprymnus Gaimardi, showing 
the 7 vertical grooves, magnified diameters. 

w 

exclusive of the tail, which is more than eleven inches long. The 
smaller fossil (P. minor, fig. 374.), having only half the linear dimen- 
sions of the other, was probably only l-12th of its bulk. It is of 
peculiar geological interest, 'because, as shown by Dr. Falconer, its 
two back molars bear a decided resemblance to those of the Triassic 
Mi€rolestes{b, c, fig. 375.), the most ancient of known mammalia, of 
which an account will be given in Chapter XXII. When Dr. Falconer, 
in 1857, pronounced thePlagiaulax to be marsupial and herbivorous, 
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he tJto r6gai*d6d it as having thsform of a rodent ; but he did not 
overlook that in some of its characters, especially in Ihe coronoid, 
it resembled certain predaceous marsupials more than those of the 
faerbivorons class. Professor Owen attaches greater importance to 


Fig. 874. 



Plagiaultu minors Falc. 

(Magnified 4 dlameteri.) 

All the teeth In this specimen are in place and well preserved. The hinder part of the jaw- 
bone, with the ascending ramus and posterior angle, are broken away. 

o, b. Right ramus of lower jaw, with all the teeth ma^ified 4 diameters. 

a. Incisor with point broken off. n', impression of same, showing that the inner side near 
the apex was hollowed out in a longitudinal direction. 

fi. Offset of coronoid, the rest of which is wanting. 

9M. The two true molars. 

p, m. The four pre-molars. 

e. The first molar, magnified 8 diameters. 

Upper figure, the crown. Lower figure, side view. 

d. Second molar, crown and side view. 

e. Straight line indicating the length of the jaw, natural sire. 

these characters, and has declared his opinion that the Plagiaulax 
was camivoroust or that it fed on small insectivorous mammalia and 
lizards.* Dr. Falconer objects that the inference as to the preda- 
ceous habits of Plagiaulax Becklem^ drawn from the upward curve 
of the incisor (a., fig. 373. p, 381.), is neutralized by the more 
horizontal position of the same incisor in the smaller species (ei., 
fig. 374.), to say nothing of the fact that in the living vege-. 
table-feeding Koala {Phascolarctus cinereus) the incisor is also pro- 
jected forwards with a slight upward inclination, as in P, BecklenL^ 
The same anatomist also insists, and apparently with no small force 
of reasoning, on the analogy of the pre-molar of Plagiaulax (A., fig. 
378. p. 381.), with that of the kangaroo-rat (i, ibid.). The reader 
will see that the grooves in Plagiaulax are close set, perfectly 
parallel, and that they also correspond in number with those of the 
living bypsiprymnus ; and if he will compare them, as I have done, 
with the sinuous and bifurcating furrows on the pre-molar of the 
fossil Thylacoleo, to which Professor Owen has likened them, he 
will, 1 think, be as much at a loss as Dr, Falconer to recognize any 
resemblance between them. 

All the fossil bones of mammalia discovered before the year 1857, 
in rocks older than the tertiary, had consisted exclusively of single 
branches of lower jaws, and it is a singular fact that Mr. Beckles 

* Owen's Palaeontology, p. 353. 
t Falconer, Geol* Quart. Journ., vok xviii. p. 357. 
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should have sent to lx>ndon in that year the first known example of 
the upper portion of the skull of a secondary mmnmal consisting* as 
Dr. Falconer pointed out to me at the time» of the two frontal and 
the two parietal bones in a good state of preservation, with the 
sagittal crest well marked, and the occipit^ also with its crest. 
Although the lateral and basal portions of this cranium were 
wanting, enough remained to show that it agreed with the ordinary 
type of living warm-blooded quadrupeds. 

In the same slab with this cranium occurred the entire side 
of the lower jaw of another quadruped, to which Professor Owen 
gave the generic name of Triconodon. It contains eight molars, 
a large and prominent canine, and one broad and thick incisor. 
This creature must have been nearly as large as the common 
hedgehog. 

Several other jaws with similar tricuspid teeth of larger dimen- 
sions, found by Mr. Beckles, indicate the existence of another 
species of Triconodon of a more elongated form, and about one- 
third larger in size. Its marsupial character was inferred by Dr. 
Falconer from the number of the true molars, the strong inflected 
angular process, the broad salient everted rim of the ridge which is 
decurrent on the outer side from the condyle along the inferior 
margin, and the marked development of the mylo-hyoid groove. 
He also observed that these two species of Triconodon were more 
like small ferine animals than mere insectivorous marsupials, and 
that they probably fed on prey less minute than insects. This 
opinion he deduced from the cutting character of their teeth, and 
their comparatively formidable canines, together with the form of 
the ascending ramus. 

Professor Owen has proposed the name of Galestes for the largest 
of the mammalia discovered in 1858 in Purbeck, equalling the pole- 
cat {Mustela putorius) in size. It is supposed to have been preda- 
ceous and marsupial. Its generic character is derived from a 
peculiar modification in the form of one of the pre-molars, which 
has a single external vertical groove. 

When Mr. Beckles had found the remains of twenty-eight distinct 
individuals of Purbeck mammalia, and Mr. Brodie seven other 
specimens, they all consisted of lower jaws, and only five of them 
had upper jaws in connection ; and the ten other specimens of 
oolitic mammalia belonging to four species discovered at Stonesfield 
were in like manner all represented by lower jaws. That between 
forty and fifty pieces or sides of lower jaws with teeth should have 
been found in oolitic strata, and with them only five upper maxil- 
laries, together with one portion of a separate cranium, will 
naturally excite surprise. There were no examples in Purbeck of 
an entire skeleton, nor of any considerable number of bones in 
juxtaposition. In several portions of the matrix there were 
detached bones, often much decomposed, and fragments of others 
apparently mammalian ; but, if all of them were restored, they 
would scarcely suffice to complete the five skeletons to which the 
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five upper naxillaries above alluded to belonged. Aa the average 
number of pieces in each mammalian skeleton is about 2d0, there 
must be many thousands of missing bones ; and when we endeavour 
to account for their absence, we are almost tempted to indulge in 
speculations like those once suggested to me by Dr. Buckland, when 
be tried to solve the enigma in refference to Stonesfield ; — “ The 
corpses,” he said, “ of drowned animals, when they float in a river, 
distended by gases during putrefaction, have often their lower jaw 
hanging loose, and sometimes it has dropped off The rest of the 
body may then be drifted elsewhere, and sometimes may be swal- 
lowed entire by a predaceous reptile or fish, such as an ichthyosaur 
or a shark.” 

We may also suppose that when fish or other aquatic animals 
attack a' decaying carcase, w'hether it be floating or has sunk to the 
bottom, they will first devour those parts which are covered with 
flesh. A lower jaw, consisting of little else than bones and teeth, 
will be neglected, and becoming detached, may be drifted away by 
a current of moderate velocity, and buried apart from the other 
bones in sand or mud. 

As all the above-mentioned Purbeck mammalia, belonging to 
eight or nine genera and to about fourteen species of insectivorous, 
predaceous, and herbivorous marsupials, have been obtained from 
an area less than 300 square yards in extent, and from a single 
stratum not more than a few inches thick, we may safely conclude 
that the whole lived together in the same region, and in all likeli- 
hood they constituted a mere fraction of the mammalia which in- 
habited the lands drained by one river and its tributaries. They 
afford the first positive proof as yet obtained of the co-existence of 
a varied fauna of the highest class of vertebra ta with that ample 
development of reptile life which marks all the periods from the 
Trias to the Lower Cretaceous inclusive, and with a gymnospermous 
flora, or that state of the vegetable kingdom when cycads and 
conifers predominated over all kinds of plants, except the ferns, so 
far at least as our present imperfect knowledge of fossil botany 
entitles us to speak. 

The annexed table will enable the reader to see at a glance how 
conspicuous a part, numerically considered, the mammalian species 
of the Middle Purbeck now play when compared with those of other 
formations more ancient than the Paris gypsum, and at the same 
time it will help him to appreciate the enormous hiatus in the his- 
tory of fossil mammalia, which at present occurs between the Purbeck 
and Eocene periods. 
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aiMf DuiribuHan of all the known Species of Fossil Mam^ 
maUa from Strata older than the Paris Gypsum^ or than the 
Bembridge Series of the Isle of Wight 


Tbrtiabt. 


rHeadon Seriea and Beds between thel 
Paris Gypsum and the Gr^s de Beau* j- 
champ ----- J 
Barton Clay and Sables de Beauchamp • 

Bagshot Beds, Oalcaire Grossier, andl 
Upper Soissbnnais of Cuisse-Lamotte. j 

London Clay, including the Kyson Sand - 
Plastic Clay and Lignite - - - 

Sables de Bracbeux - - . . 

Thanet Sands and Lower Landenian of 1 
Belgium - * - " - - j 

rMaestricht Chalk • . • . . 

White Chalk 

Chalk Marl ------ 

Upper Greensand - - - . 

Gault 


- , riO English. 
\ 4 Fr^eh, 


n^ngjisn. 

3 U. States.* 
All English. 

{ L“.. 

French. 


SRCOKDiJaT. 


Pbihabt. 


^wer Greensand 
Weald Clay, &c. - 

Hastings Sand 
Upper Purbeck Oolite 
Middle Purbeck Oolite 
Lower Purbeck Oolite 
Portland Oolite 
Kiromeridge Clay - 
Coral Rag 
Oxford Clay - 
Great Oolite - 
Inferior Oolite 
Lias - - - 

Upper Trias - 
Middle - 

LLower - - - 

'Permian 
Carboniferous 
Silurian - - - 

, Cambrian 


14 Swanage. 

0 


4 Stonesfield. 
0 


rWurtemberg. 

Somersetsh. 

L N. Carolina. 


In drawing up the above table I have been assisted by Professor Owen in re- 
ference to the British, and by MM. Lartet and Hubert in reference to the fossil 
mammalia of the French Eocene strata. There are, besides, several undescribed 
species in the collection of the two last-mentioned p^ssontologists, or in museums 
known to them ; and, in regard to one or two of the Eocene continental localities 
out of the Paris basin, the age of the deposits is too little known to allow us to in- 
clude their fossils in the table. 

The Sables de Bracbeux, enumerated in the Tertia^ division of the table, sup- 
posed by Mr. Prestwich to be somewhat newer than the Thanet Sands, and by M. 
Hebert to be of about that age, have yielded at La F^re the Arciocyon (PalcttKycm) 
primavus, the oldest known tertiary mammal. 

It is worthy of notice, that in the Hastings Sands there are certain 
layers of clay and sandstone in which numerous footprints of qua- 
drupeds have been found by Mr. Beckles, and traced by him in the 

• I allude to several Zeuglodons found in Alabama, and referred some 
zoologists to three species. 


C C 
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SAiiie set of focks through Suesex and the Iile of Wight. Hiey 
appear to belong to three or four species of reptiles, and no one of 
them to any warm-blooded quadruped. They ought, therefore, to 
serre as a warning to us, when we fail in like manner to detect 
mammalian footprints in older rocks (such as the New Red Sand- 
stone), to refrain from inferring that quadrupeds, other than rep- 
tilian, did not exist or pre-exist. 

But the most instructive lesson read to us by the Purbeck strata 
consists in this ; — They are all, with the exception of a few interca- 
lated brackish and marine layers, of freshwater origin j they are 
160 feet in thickness, have been well searched by skilful collectors, 
and by the late Edward Forbes in particular, who studied them for 
months consecutively. They have been numbered, and the contents 
of each stratum recorded separately, by the officers of the Govern- 
ment Survey of Great Britain. They have been divided into three 
distinct groups by Forbes, each characterized by the same genera of 
pulmoniferous mollusca and cyprides, but these genera being repre- 
sented in each group by different species ; they have yielded insects 
of many orders, and the fruits of several plants ; and lastly, they 
contain “ dirt-beds,” or old terrestrial surfaces and soils at different 
levels, in some of which erect trunks and stumps of cycads and 
conifers, with their roots still attached to them, are preserved. Yet 
when the geologist inquires if any land-animals of a higher grade 
than reptiles lived during any one of these three periods, the rocks 
are all silent, save one thin layer a few inches in thickness ; and this 
single page of the earth's history has suddenly revealed to us in a few 
weeks the memorials of so many species of fossil mammalia, that they 
already outnumber those of many a subdivision of the tertiary series, 
and far surpass those of all the other secondary rocks put together I 

Next anterior in age to the Purbeck mammalia are those of the 
Lower Oolite at Stonesfield, to be mentioned at page 404. These 
are all very small, comprising four species, three of which are cer- 
tainly marsupial, and the other possibly placental, but so unlike any 
living type that some doubts are entertained as to whether it may 
not have been marsupial. Still older than the above are some fossil 
quadrupeds, also of small size, found in the Upper Trias of Stuttgardt, 
in Germany, and more lately by Messrs. Charles Moore and W. Boyd 
Dawkins, in beds of corresponding age in Somersetshire, which are 
also of a very low grade, like the living Myrmecobius of Australia. 

If the three localities where the most ancient mammalia have been 
found — Purbeck, Stonesfield, and Stuttgardt — had belonged all of 
them to formations of the same age, we might well have imagined 
so limited an area to have been peopled exclusively with pouched 
quadrupeds, just as Australia now is, while other parts of the globe 
were inhabited by placentals, for Australia now supports one hun- 
dred and sixty species of^aarsupials, while the rest of the continents 
and islands are tenanted by about seventeen hundred species of mam- 
malia, of which only forty-six are marsupial, namely, the opossums 
of North and South America. But the great difference of age of 
1 three localities seems to indicate the ' 
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dominance thronghoat a vast lapse of time (from tbe era of the 
Upper Trias to that of the Purbeck beds) of a low grade of quadra* 
peds ; and this persistencj of similar generic and ordinal types in 
Europe while the species were changing, and while the fish, reptiles, 
and mollusca were undergoing vast modifications, would naturally 
lead us to suspect that there must also have been a vast extension 
in space of the same marsupial forms during that portion of the 
secondary epoch which has been termed the age of reptiles.** Such an 
inference as to the wide geographical range of the marsupials of the 
olden timqhas been confirmed by the discovery in the Trias of North 
America of three lower jaws of a quadruped allied to Myrmecobius, 
It was found by the late Dr. Emmons in beds probably coeval with 
tbe “ Keuper *’ of Europe. The predominance in earlier ages of these 
mammalia of a low grade, and the absence at present of species of 
higher organization, is certainly in favour of the theory of progressive 
development. 

Beneath the freshwater strata to which the mammaliferoua marl 
belongs is a thin band of greenish shales, with marine shells and 
impi'essions of leaves, like those of a large Zostera^ forming the base 
of the Middle Purbeck. 

Lower Purbeck, — Beneath the thin marine band last mentioned, 
purely freshwater marls occnr, containing species of Cypris (fig. 575. 
a, 5), ValvatUy and Lirntwea^ dif- 
ferent from those of the Mid- Fig. 376. 

die Purbeck. This is the be- 
ginning of the inferior division, 
which is about 80 feet thick. 

Below the marls are seen, at 
Meu p’s Bay, more than 30 feet of 
brack ish-water strata, abound- 
ing in a species of Serpul-Cl^ allied CypridP* from the Lower Purbecki. 

to, if not identical with, Serpnla ^ 

coacervites, found in beds of the 

same age in Hanover. There are also shells of the genus Riisoa (of 
the subgenus Hydrobia), and a little Cardium of the subgenus Pro» 
tocardium, in these marine beds, together with Cypris, Some of the 
cypris-bearing shales are strangely contorted and broken up, at the 
west end of the Isle of Purbeck. 

The great dirt-bed or vegetable 
soil containing the roots and stools 
of CycadecB, which I shall pre- 
sently describe, underlies these 
marls, and rests upon the lowest 
freshwater limestone, a rock about 
eight feet thick, containing Cy- 
clas, Valvata^ and Limncea, of the 
same species as those of the up- 

permost part of the Lower Pur- metaiopk^o , : 

beck, or above the dirt-bed. The 
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mme set of socks throagb Sussex and the Isle of Wight, lliey 
appear to belong to three or four species of reptiles^ and no one of 
them to any warm-blooded quadruped. They ought, therefore, to 
serve as a warning to us, when we ful in like manner to detect 
mammalian footprints in older rocks (such as the New Red Sand- 
stone), to refrain from inferring that quadrupeds, other than rep- 
tilian, did not exist or pre-exist. 

But the most instructive lesson read to us by the Purbeck strata 
consists in this : — They are all, with the exception of a few interca- 
lated brackish and marine layers, of freshwater origin j they are 
160 feet in thickness, have been well searched by skilful collectors, 
and by the late Edward Forbes in particular, who studied them for 
months consecutively. They have been numbered, and the contents 
of each stratum recorded separately, by the officers of the Govern- 
ment Survey of Great Britain. They have been divided into three 
distinct groups by Forbes, each characterized by the same genera of 
pulmoniferous mollusca and cyprides, but these genera being repre- 
sented in each group by different species ; they have yielded insects 
of many orders, and the fruits of several plants ; and lastly, they 
contain “ dirt-beds,” or old terrestrial surfaces and soils at different 
levels, in some of which erect trunks and stumps of cycads and 
conifers, with their roots still attached to them, are preserved. Yet 
when the geologist inquires if any land-animals of a higher grade 
than reptiles lived during any one of these three periods, the rocks 
are all silent, save one thin layer a few inches in thickness ; and this 
single page of the earth’s history has suddenly revealed to us in a few 
weeks the memorials of so many species of fossil mammalia, that they 
already outnumber those of many a subdivision of the tertiary series, 
and far surpass those of all the other secondary rocks put together I 

Next anterior in age to the Purbeck mammalia are those of the 
Lower Oolite at Stonesfield, to bo mentioned at page 404. These 
are all very small, comprising four species, three of which are cer- 
tainly marsupial, and the other possibly placental, but so unlike any 
living type that some doubts are entertained as to whether it may 
not have been marsupial. Still older than the above are some fossil 
quadrupeds, also of small size, found in the Upper Trias of Stuttgardt, 
in Germany, and more lately by Messrs. Charles Moore and W. Boyd 
Dawkins, in beds of corresponding age in Somersetshire, which are 
also of a very low grade, like the living Myrmecobius of Australia. 

If the three localities where the most ancient mammalia have been 
found — Purbeck, Stonesf eld, and Stuttgardt — had belonged all of 
them to formations of the same age, we might well have imagined 
so limited an area to have been peopled exclusively with pouched 
quadrupeds, just as Australia now is, while other parts of the globe 
were inhabited by placentals, for Australia now supports one hun- 
dred and sixty species of marsupials, while the rest of the continents 
and islands are tenanted by about seventeen hundred species of mam- 
malia, of which only forty-six are marsupial, namely, the opossums 
of North and South America. But the great difference of age of 
the strata in each of these three localities seems to indicate the pro- 



tOWBB PURBECK. 


Cm. XX.] 


387 


dominance throiighoat a vast lapse of time (from the era of the 
Upper Trias to that of the Purbeck beds) of a low grade of quadru- 
peds ; and this persistency of similar generic and ordinal types in 
Europe while the species were changing, and while the fish, reptiles, 
and moHusca were undergoing vast modifications, would naturally 
lead us to suspect that there must also have been a vast extension 
in space of the same marsupial forms during that portion of the 
secondary epoch which has been termed **the age of reptiles,” Such an 
inference as to the wide geographical range of the marsupials of the 
olden timqhas been confirmed by the discovery in the Trias of North 
America of three lower jaws of a quadruped allied to Myrmecobius, 
It was found by the late Dr. Emmons in beds probably coeval with 
the Keuper ” of Europe. The predominance in earlier ages of these 
mammalia of a low grade, and the absence at present of species of 
higher organization, is certainly in favour of the theory of progressive 
development. 

Beneath the freshwater strata to which the mammaliferous marl 
belongs is a thin band of greenish shales, with marine shells and 
impi*essions of leaves, like those of a largo Zostera^ forming the base 
of the Middle Purbeck. 

Lower Purbeck, — Beneath the thin marine band last mentioned, 
purely freshwater marls occur, containing species of Cypris (fig. iT5. 
a, b)y ValvatUy and LimiuBa^ dif- 
ferent from those of the Mid- Fig. 375. 

die Purbeck. This is the be- 5 
ginning of the inferior division, 
which is about 80 feet thick. 

Below the marls are seen, at 
Meu p’s Bay, more than 30 feet of 
brackish -water strata, abound- 
ing in a species of Serpula^ allied Cypridet from the Lower Piirbecict. 

to, if not identical with, Serpula 
coacervites, found in beds of the 

same age in Hanover. There are also shells of the genus Rissoa (of 
the subgenus Hydrobia\ and a little Cardium of the subgeuus Pro* 
tocardium^ in these marine beds, together with Cyprie, Some of the 
cypris-bearing shales are strangely contorted and broken up, at the 
west end of the Isle of Purbeck. 

The great dirt-bed or vegetable 
soil containing the roots and stools 
of CycadecB^ which I shall pre- 
sently describe, underlies these 
marls, and rests upon the lowest 
freshwater limestone, a rock about 
eight feet thick, containing Cy- 
clas^ ValvaUif and Limnceay of the 
same species as those of the up- 
permost part of the Lower Pur- (WaMUa)me,aiPrhua, BacU.» 

beck, or above the dirt-bed. The 
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body of firegh water, from which sediment was thrown down enre* 
loping floTiatOe shells, drdlj. The regular and nnirorm preservation 
of ibis thin bed of black earth over a distance of many miles, shows 
that the change from dry land to the state of a freshwater lake or 
estuary, was not accompanied by any violent denudation, or rush of 
water, since the loose black earth, together with the trees which lay 
prostrate on its surface, must inevitably have been swept away had 
any such violent catastrophe taken place. 

The dirt-bed has been described abovein its most simple form, 
hut in some sections the appearances are more complicated. The 
forest of the dirt-bed was not everywhere the first vegetation which 
grew in this region. Two other beds of carbonaceous clay, one of 
them containing CycadecB^ in an upright position, have been found 
below it, and one above it, which implies other oscillations in the 
level of the same ground, and its alternate occupation by land and 
water more than once. 


Table showing the changes of medium in which the strata were 
formed^ from the Portland Stone up to the Lower Greensand in^ 
elusive^ in the south-east of England {beginning with the lowest). 


1. Marine 
S. Freshwater 
Land 

Freshwater 

Land 

Freshwater 

Land (Dirt-bed) 

Freshwater 

Land 

Brackish 

Freshwater 


Portland Stone. 


Lower Purbeck. 


3. Marine 
Freshwater 
Marine | 

Brackish y Middle Parbeck. 

Marine 

Brackish 

Freshwater j 

4. Freshwater Upper Purbeck. 

5. Freshwater 

Brackish V Hastings Sands. 
Freshwater ) 

6. Freshwater Wealden Clay. 

7. Marine Lower Greensand. 


The annexed tabular view will enable the reader to take in at a 
glance the successive changes from sea to river, and from river to 
sea, or from these again to a state of land, which have occurred in 
this part of England between the Oolitic and Cretaceous periods. 
That there have been at least four changes in the species of testacea 
during the deposition of the Wealden and Purbeck beds, seems to 
follow from the observations recently made by Professor Forbes ; so 
that, should we hereafter find the signs of many more alternate 
occupations of the same area by different elements, it is no more 
than we might expect. Even during a small part of a zoological 
period, not sufilcient to allow time for many species to die out, we 
find that the same area has been laid dry, and then submerged, and 
then again laid dry, as in the Deltas of the Po and Ganges, the his- 
tory of which has been brought to light by Artesian borings.* We 
also know that similar revolutions have occurred within the present 
century (1819) in the delta of the Indus in Cutch f, where land has 


• See Principles of Geol, 9th ed., f p. 460. 
pp. 255. 275. 
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been Idd permanenily rnid^ the waters both of the risw and sea, 
withont its soil or shrubs having be^ swept away. Even inde* 
pendently of any vertical movements of the ground, we see in the 
principal deltas, such as tbat of the Mississippi, that the sea extends 
its salt waters annually for many months over considerable spaces 
which, at other seasons, are occupied by the river during its inun- 
dations. 

It will be observed that the division of the Purbecks into upper, 
middle, and lower has been made by Professor Forbes strictly on the 
principle of the entire distinctness of the species of organic remains 
which they include. The lines of demarcation are not lines of dis- 
turbance, nor indicated by any striking physical characters or mineral 
changes. The features which attract the eye in the Purbecks, such 
as the dirt-beds, the dislocated strata at Lulworth, and the Cinder- 
bed, do not indicate any breaks in the distribution of organized 
beings. “ The causes which led to a complete change of life three 
times during the deposition of the freshwater and brackish strata 
must,” says this naturalist, “ be sought for, not simply in either a 
rapid or a sudden change of their area into land or sea, but in the 
great lapse of time which intervened between the epochs of deposition 
at certain periods during their formation.” 

Each dirt-bed may, no doubt, be the memorial of many thousand 
years or centuries, because we find that 2 or 3 feet of vegetable soil 
is the only monument which many a tropical forest has left of its 
eocistence ever since the ground on which it now stands was first 
covered with its shade. Yet, even if we imagine the fossil soils of 
the Lower Purbeck to represent as many ages, we need not expect on 
that account to find them constituting the lines of separation be- 
tween successive strata characterized by different zoological types. 
The preservation of a layer of vegetable soil, when in the act of 
being submerged, must be regarded as a rare exception to a general 
rule. It is of so perishable a nature, that it must usually be carried 
away by the denuding waves or currents of the sea, or by a river ; 
and many Purbeck dirt-beds were probably formed in succession and 
annihilated, besides those few which now remain. 


The plants of the Purbeck beds, so far as our knowledge extends 
at present, consist chiefly of^ Ferns, Conifer® (fig. ^ 

380.), and Cycade® (fig. 376.), without any angio- 
sperms ; the whole more allied to the Oolitic than 
to the Cretaceous vegetation. The vertebrate and 
invertebrate animals indicate, like the plants, a 
somewhat nearer relationship to the Oolitic than 
to the Cretaceous period. Mr. Brodie has found the 
remains of beetles and several insects of the homop- 
terous and trichopterous orders, some of which ^ ^ 

, « V /• Con« of* pine from the 

now live on plants, while others are of such terms uieofPorbeck.cFttton.) 



as hover over the surface of our present rivers. 

Portland Oolite and Sand{b. Tab., p. 375.).— The PortlMid oolite 
has alreadj been mentioned as forming in Dorsetshire the founda- 
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tioa on which the freshwater limestone of the Lower Pnrbeck 
reposes (see p. 387* )• supplies the well*known building-stone of 

which St* Faurs and so many of the principal edifices of London are 
constructed. This upper member rests on a dense bed o/ sand, called 
the Portland sand, containing for the most part similar marine fossils, 
below which is the Kimmeridge clay. In England these Upper 
Oolite formations are almost wholly confined to the southern coun- 
ties. Corals are rare in them, although one species is found plenti- 
fully at Tisbury, Wiltshire, in the Portland sand, converted into 
Hint and chert, the original calcareous matter being replaced by 
silex (fig. 381.). 

The Kimmeridge flay consists, in great part, of a bituminous 
shale, sometimes forming an impure coal, several hundred feet in 
thickness. In some places in Wiltshire it much resembles peat ; and 


Fig. 881. * 



liatfrma oblonga, M. Edw. and J. Haime. 
At teen on a pulitbed »lab of cbert from 
the Portland Sand, Tltburj. 


Fig. 382. 



Trigonia gthbota. | nat. ilze. 
a. The hingp. 

Portland Stone, Tisbury. 


Fig. 883. * 


Cardium dUsimUt. ^ nat. alse, 
Portland Stone. 


Fig. 384. 



Ostrea etpama, 
Portland Sand. 



the bituminous matter may have been, in part at least, derived from 
the decomposition of vegetables. But as impressions of plants are 
rare in these shales, which contain ammonites, oysters, and other 
marine shelly the bitumen may perhaps be of animal origin. 

Among the characteristic fossils may be mentioned Cardium stria~ 
tulum (fig. 385.) and Ostrea deltoidea (fig. 386.), the latter found in 
the Kimmeridge clay throughout England and the north of France, 
and also in Scotland, near Brora. The Grypheea virgula (fig. 387.), 
also met with in the same clay near Oxford, is so abundant in the 
Upper Oolite of parts of France as to have caused the deposit to be 
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siriattUmm. 

Kimroerldge clay, Hfrtwell. 


Fif.*®. 


Fli.a87. 



Oitrea dtiioidea. Cfyphtta ( Rjeofafta) virgula, 

Kimroeridfe cUj, ) nat. tixe. KimmaHcige clay. 




termed “marnes k gryph^es virgules.*’ Near Clermont, in Argonne, 
a few leagues from St. Menehould, where these indurated marls 
crop out from beneath the gault, I have seen them, on decomposing, 
leave the surface of every ploughed field literally strewed over with 
this fossil oyster. The Trigonellites lotus {Aptgchus, of some au- 
thors) (fig. 388.) is also widely dispersed through 
this clay. The real nature of the shell, of which 
there are many species in oolitic rocks, is still a 
matter of conjecture. Some are of opinion that the 
two plates formed the gizzard of a cephalopod ; for 
the living Nautilus has a gizzard with horny folds, 
and the Bulla is well known to possess one formed 
of calcareous plates. 

The celebrated lithographic stone of Solenhofen, in Bavaria, be- 
longs to one of the upper divisions of the oolite, and affords a re- 
markable example of the variety of fossils which may be preserved 
under favourable circumstances, and what delicate impressions of 
the tender parts of certain animals and 
plants may be retained where the sediment 
is of extreme fineness. Although the num- 
ber of testacea in this slate is small, and the 
plants few, and those all marine, Count 
Munster had determined no less than 237 
species of fossils when I saw his collection 
in 1833 ; and among them no less than 
seven species of flying lizards or pterodac- 
tyls (see fig. 389.), six saurians, three tor- 
toises, sixty species of fish, forty-six of 
Crustacea, and twenty-six of insects. These 
insects, among which is a libellula, or dra- 
gon-fly, must have been blown out to sea, skeleton of 
probably from the same land to which the ooiiteof Pw'ih.im 
flying lizards, and other contemporaneous 
reptiles, resorted. 

In the same slate of Solenhofen a fine example was met with in 
1862 of the skeleton of a bird almost entire, with the exception of 
the head, and retaining even its feathers. This valiihble specimen 
is now in the British Museum, and has been called by Professor 
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Owen ArehetofUryx macrwra, Acciwding to hie interpretAtion, it 
is a trne bird, and not intermediate, as was at first imagined, between 
a bird and reptile. It was about the size of a rook. It difiers re* 
markably from all known birds in having two free claws belonging 
to the wing, and in the structure of its tail ; for in almost all living 
representatives of the class Aves, the tail feathers are attached to a 
oocc 7 gian bone, consisting of several vertebras united together, 
whereas in the Archaeopteryx the tail is composed of twenty verte- 
bras, each of which supports a pair of quill feathers so perfect that 
the vanes as well as the shaft are preserved. The first five only of 
the vertebras as seen in A. have transverse processes, the fifteen re- 
maining ones become gradually longer and more tapering. The 
feathers diverge outward from them at an angle of 45® ; but this 
departure from the true ornithic type occurs, says Professor Owen, 
in that part of the skeleton which is most subject to variation. 


Fig. 390. 



T»n of AtekoKmteryjt macrurn, Owen, and Feather of A. lithographia^ Meyer, from the 
iute of Solenhofeu ; and tail of living bird for cumpariton. 


A. Soriet of caudal rert^rc (with impresstoni of the tall-featheri preierved in situ) of Ar^ 

chmopUrifM maerura^ Owen. } nac. «iie. Drawn firom the specimen in the British 
Museum (ventral aspect). 

B. Two of the caudal vertebra;, uat. size, showing their shape and the absence of transverse 

processes. 

C. Single feather, called Archeeopieryx litkographica by Von Meyer. Natural size. 

This feather, upon which tne genus was eMtabllshed in 1861, was discovered at Solen- 
hofbn. See ** Jahrbuch fUr Mlneralogie,*' 18C1, n.56l. 

D. Tail of recent vulture. ((Typs B^aiensis), showing the points of attachment for the 

principal tail-feathers (dorsal view, 4 nat. size). 

B. Prod le or caudal vertebrm of same, to show the broad terminal joint, or ** ploughshare'* 
bone./, of the tad. the same as that seen foreshortened at/D, so largely developed in 
nearly all living birds. | nat. size. 

N.B — The dguret 1 to 6 indicate the correspondence between the vertebrae in the two 
views D and K. 

/^E and/D indicate the position of the terminal ioint. 

The doited linei E. e, show the direction of the quill feathers of the tail when 
seen In profile. 

The ploughshare bone can be elevated at pleasure fas seen at/ E), to meet the extended 
beak or the mrd when seeking the cocciglan oil.gland (which is placed upon this terminal 
joint) to lubricate iu feathers while preening. Only the "primaries** or great tall 
feathers are represented iu fig. D. ; the bases of these and the rest of the vert^c are 
clothed in secondary fhathers and down. 
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Thus there ere short and Iong«tailed species of bats, rodents, and 
pterodactyles, with great variation in the number of their caudal 
vertebras ; he also observes that although in living birds a 
short bony tail, and generally accompanied by a coalescence of the 
terminal vertebne to form the ploughshare bone / E., is a constant 
character, yet all birds in their embryonic state exhibit the vertebras 
distinct and separate, so that the tail of the Archaeopteryx exhibits 
a retention of structure which is ** embryonal and transitory in the 
modern representatives of the class, and conseqnently a closer 
adhesion to the general vertebrate type." In the young ostrich 
from eighteen to twenty caudal vertebrae may be counted, seven or 
eight of which are annexed to the sacrum, while two or three are 
welded together to form the slender terminal bone, which in this and 
other running birds {cursores) is not ploughshare-shaped. 

It has been already stated that no species of British fossil, whether 
of the vertebrata or invertebrata, are common to the Oolite and 
Chalk, or, to speak more strictly, are common to the marine beds of 
these two groups which stand nearest to each other, namely, the 
Portland limestone and the Atherfield beds ; but while there is 
this great break in an upward direction, there is no similar dis- 
cordance as we proceed downwards, and pass from one to another 
of the several members of the Jurassic group, the Upper, Middle, 
and Lower Oolite, and the Lias. Thus, for example, I find on 
consulting Mr. Etheridge’s tables of British Fossils *, that of sixty 
species of all classes that lived in the period of the Kimmeridge 
clay, twenty, or about 33 per cent., pass down into the Coral Rag ; or, 
if we confine our attention exclusively to the mollusca, of thirty- 
three species in the Kimmeridge clay eight, or 24 per cent., are 
common to the Coral Rag. 


MIDDLE OOLITE. 

Coral Rag . — One of the limestones of the Middle Oolite has been 
called the “ Coral Rag," because it consists, in part, of continuous 
beds of petrified corals, for the most part retaining the position in 
which they grew at the bottom of the sea. In their forms they more 
frequently resemble the reef-building poliparia of the Pacific than 
do the corals of any other member of the Oolite. They belong 
chiefly to the genera ITiecosmilia (fig. 391.), Protoseris^ and Tham- 
nastrcea^ and sometimes form masses of coral 15 feet thick. In the 
annexed figure of a Thamnastrma (fig. 392.){ from this formation, it 
will be seen that the cup-shaped cavities are deepest on the right- 
hand side, and that they grow more and more shallow, until those 
on the left side are nearly filled up. The last-mentioned stars are 
supposed to represent a perfected condition, and the others an imma- 
ture state. These coralline strata extend through the calcareous 
hills of the N.W. of Berkshire, and north of Wilts, and again 

♦ Compiled for a work entitle^ Stratigraphical Arrangement iA British 
Fossils,** now preparing for poblication by Mr. Etheridge. 
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recur in Yorkebire, near Scurborougli. The Otitta ^tgarta (fig. 
893 .) ifl Tcry characteristic of the formation in Bngland and on the 
Continent. 


Fig. 391. 



Tkteatmilia annularit, Milne Edw. and J. Hume. Thamntutrtea, 

Coral rag. Steeple Athtou. Coral rag. Steeple Ashton. 


One of the limestones of the Jura, referred to the age of the 
English coral-rag, has been called “ Nerintean limestone ” (Calcaire 
h N^rinees) by M. Thirria ; Nerincta being an extinct genus of 
univalve shells, much resembling the Cerithium in external form. 
The annexed section (fig. 394.) shows the curious form of the 
hollow part of each whorl, and also the perforation which passes 
up the middle of the columella. N. Goodhallii (fig. 395.) is 
another English species of the same genus, from a formation which 


Fig. 398. 


OstTHi. greffarea 
Coral rag. Steepla Aahtoa. 


Fig. 394. 



Nerinma kierogipphica. 
Coral rag. 


Fig. 896. 



Ktringpa Goodhallii ^ Fitton. 
Coral rag, Weymouth. ^ nat. sise. 


seems to form a passage from the Kimmeridge clay to the coral 
rag.* 

A diTision of the oolite in the Alps, regarded by most geologists 
as coeval with the English coral rag, has been often named “ Cal- 
caire h Dicerates,” or “Diceras limestone,” from its containing 

• Fitton, Geol. Trans.,Second Series, voL iv.PL 2S. fig. 12, 
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•trandantly a bivalve ohell (see fig. 896.) of a genus l^lied to the 
Chama, 

Fif, m. 
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Cact of Dicermt arietma. Cidarii coronata. 

Coral rag, Franca. Coral rag. 

Oxford Clay . — The coralline limestone, or ‘‘coral mg,” above 
described, and the accompanying sandy beds, called “calcareous 
grits,” of the Middle Oolite, rest on a thick lied of clay, called the 
“ Oxford clay,” sometimes not less than 500 feet thick. In this 
there are no corals, but great abundance of cephalopoda, of the 
genera Ammonite and Belemnite. (See figs. 398, 399.) In some of 

Fig. 89S. 


BeUmnites hoitatui. Oxford clay. 

the finely laminated clays ammonites are very perfect, although 
somewhat compressed, and are frequently found with the lateral 
lobe expanded on each side of the opening of the mouth into a single 
hom-like projection (see fig. 399.). These were discovered in the 
cuttings of the Great Western Railway, near Chippenham, in 1841, 
and have been described by Mr. Pratt {An. Nat. Hist^ Nov. 1841). 


Fig. 399. 
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Simile elongated procesaea faaTe been 
also obaerved to extend from the sheila of 
some belemnitea discovered by Dr. Mantel!, in 
the same claj (see fig. 400.), who, by the aid 
of this and other specimens, has been able to 
throw much light on the structure of this and 
other singular extinct forms of cuttle-fish.* 

Kelloway rock , — The arenaceous limestone 
which passes under this name is generally 
grouped as a member of the Oxford clay, in 
which it forms, in the south-west of England, 
lenticular masses, 8 or 10 feet thick, con- 
taining at Kelloway, in Wiltshire, numerous 
casts of ammonites and other shells. But in 
Yorkshire this calcareo-arenaceous formation 
thickens to about 30 feet, and constitutes the 
lower part of the Middle Oolite, extending 
inland from Scarborough in a southerly 
direction. The number of mollusca which it 
contains is, according to Mr. Etheridge, 106, 
of which only twenty-three, or 22\ per cent., 
are common to the Oxford clay proper. Of 
the twenty Cephalopoda, eight (namely, one 
of the Sepia family, six species of ammonite, 
and the Ancyloceras Calloviense) are common 
to the Oxford Clay, giving a proportion of 
40 per cent 

If, on the other hand, we compare the 
fossils of all kinds in the Kelloway rock, 
amounting to 151 species, with the fossils of 
the underlying Lower Oolite, we find that 
seventy-four pass down into the older rocks, 
or about 49 per cent. ; or if we confine our 
attention to the mollusca alone of the Kello- 
way considered as the base of the Middle 
Oolite, and compare them with those of 


Sffemm't9S Pum>iianm$, 
B. Ottetu'i, Pi«rce. 

Oxford CUy, Chrlttfan 
Mxiford. 

a, a, projecting procettet 
of the ihell or 
phrxgtnocone. 
bt c, brok«*n exterior of x 
conical ihell called 
the phmgmocone, 
which 1 b chambered 
within, or compoeed 
of a series of ihallo<^ 
concave cells pierced 
by a siph uncle, 
c, d. Tne puard or osselet, 
which is commonly 
called the belemnite. 


the Cornbrasb, or the top member of the 
Lower Oolite, we find 106 species in the 
Kelloway, and 123 in the Cornhrash, aiid 
twenty-two species common to the two, 
implying a community of 21 per cent, be- 
tween the two formations. 

LOWER OOLITE. 

Cornhrash and Forest Marble , — The 
Upper division of this series, which is more 


extensive than the preceding or Middle Oolite, is called in England 


# See PhiL Trans. 1850, p. 808.| also Huxley, Memoirs of Geol. Survey, 1864. 
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the Cornbrasb. It coosiAta of days and calcareous sandstones, 

which pass downwards into the Forest Marble, an arglUaoeous lime* 
stone, abounding in marine fossils. In some places, as at Bradford, 
this limestone is rejdaced by a mass of clay. The sandstones of 
the Forest Marble of Wiltshire are often ripple-marked and filled 
with fragments of broken shells and pieces of drifUwood, having 
evidently been formed on a coast. Kippled slabs of fissile oolite are 
used for roofing, and have been traced over a broad band of country 
from Bradford in Wilts, to Tetbury in Gloucestershire* These 
calcareous tile-stones are separated from each other by thin seams of 
clay, which have been deposited upon them, and have taken their 
form, preserving the undulating ridges and furrows of the sand in 
such complete integrity, that the impressions of small footsteps, 
apparently of crustaceans, which walked over the soft wet sands, are 
stiU visible. In the same stone the claws of crabs, fragments of 
echini, and other signs of a neighbouring beach, are observed.* 
Great Oolite , — Although the name of coral-rag has been appro- 
priated, as we have seen, to a member of the Upper Oolite before 
described, some portions of the Lower Oolite are equally entitled in 
many places to be called coralline limestones. Thus the Great Oolite 
near Bath contains various corals, among which the Eunomia radiata 
(fig. 401.) is very conspicuous, single individuals forming masses 


Fig. 401. 



Eunomia radiata^ Lamouroux. ( Calamophyllia^ Milne Bdw. 

a. tection tran«Ter«e to the tubes. 

b, vertical lectlon, showing the radiation of the tubes. 

e, portion of interior of tubes magnified, showing striated surface. 

several feet in diameter ; and having probably required, like the 
large existing brain-coral (iiffandriita) of the tropics, many centuries 
before their growth was completed. 

Different species of crinoids, or stone-lilies, are also common in 
the same rocks with corals ; and, like them, must have enjoyed a 
firm bottom, where their root, or base of attachment, remained un- 
disturbed for years (c, fig, 402.). Such fossils, therefore, are almost 
confined to the limestones ; but an exception occurs at Bradford, 
near Bath, where they are enveloped in clay. In this case, however, 
it appears that the solid upper surface of the “ Great Oolite ^ had 
supported, for a time, a thick submarine forest of these beautiful 


* P. Scrope, GeoL Proceed., March 18S1. 
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Aptocrinitn rotmadm, or Pear Encrlnlte; Miller. Fotiil at Bradford^ Wilta. * 

a. Item of Aptoerinitet, and one of the articulatloni. oataral life. 

b. aection at Bradford of Great Oolite and overlying clar, containing the focill encrluttei* See text. 

c. three perfect iodlviduali of ApiocriniteSt rt^reaented aa they greir on the lurfiwe of the Great 

Oolite. 

d. body of the ApioerinUet rohmdui. 

most of their stems short off near the point of attachment. The 
stumps still remain in their original position; bat the numerous 
articulations, once composing the stem, arms, and body of the 
encrinite, were scattered at random through the argillaceous deposit 
in which some now lie prostrate. These appearances are represented 
in the section i, fig. 402., where the darker strata represent the 
Bradford clay, which some geologists class with the Forest marble, 
others with ^e Great Oolite. The upper surface of the^calcareous 
stone below is completely encrusted over with a continuous pavement, 
formed by the stony roots or attachments of the Crinoidea ; and 
besides this evidence of the length of time they had lived on the 
spot, we find great numbers of single joints, or circular plates of the 


Fig. 403. 



a. tingle plate or ertlcalttioii of an Encrinite overgrown witb tarpmlm and hrwma. Natural 
tise. Bradford olgy. * 

$4 portion of the laipe negitilled» thowing the bryoxoan Dioitopora covering one of 

stem and body of the encrinite, covered over with serpula. Now 
these serpuldb could only have begun to grow after the deatlp of some 
of the 6tone«lilies, parts of whose skeletons had been strewed over 
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the floor of the ocean before the irruption of argillaceous mud. In 
some instances we And that, after the parasitic serpulcB were full 
grown, they had become incrusted over with a bryozoan, called Dta- 
stopora diluviana; and many generations of these molluscoids had 
succeeded each other in the pure water before they became fossil. 

We may, therefore, perceive distinctly that# as the pines and cyca- 
deous plants of the ancient “ dirt-bed,” or fossil forest, of the Lower 
Purbeck were killed by submergence under fresh water, and soon 
buried beneath muddy sediment, so an invasion of argillaceous 
matter put a sudden stop to the growth of the Bradford Encrinites, 
and led to their preservation in marine strata.* 

Such diflerences in the fossils as distinguish the calcareous and 
argillaceous deposits from each other, would be described by natu- 
ralists as arising out of a difference in tlie stations of species ; but 
besides these, there are variations in tho fossils of the higher, middle, 
and lower part of tlie oolitic series, which must bo ascribed to that 
great law of change in organic life by which distinct asseinblagos of 
species have been adapted, at successive geological [)eriuds, to tin* 
varying conditions of the habitable surface. In a single district it is 
difficult to decide how far the limitation of species to certain minor 
formations has been due to tho local influence of stations^ or how far 
it has been caused by time or the creative and destroying law abovi? 
alluded to. But we recognize the reality of the last-mentioned influ- 
ence, when we contrast the whole oolitic series of England with that 
of parts of the Jura, Alps, and other distant regions, where there is 
scarcely any lithological resemblance ; and yet some of the same 
fossils remain peculiar in each country to the Upper, Middle, and 
Lower Oolite formations respectively. Mr. Thurmann has shown 
how remarkably this fact holds true in the Bernese Jura, although 
tho argillaceous divisions, so conspicuous in England, are feebly re- 
presented there, and some entirely wanting. 

The Bradford clay, above alluded to, is sometimes 60 feet thick, 
but in many places it is wanting ; and in others, where there are 
no limestones, it cannot easily be separated from the clays of the 
overlying ‘‘ forest marble ” and underlying “fuller’s earth.” 

The calcareous portion of the Great Oolite consists of several 
shelly limestones, one of which, called the Bath Oolite, is much cele- 
brated as a building-stone. In parts of Gloucestershire, es])ecially 
near Minchinhampton, the Great Oolite, says Mr. Lycett, “ must have 
been deposited in a shallow sea, where strong currents prevailed, for 
there are frequent changes in the mineral character of the deposit, 
and some beds exhibit false stratification. In others, heaps of broken 
shells are mingled with pebbles of rocks foreign to the neighbour- 
hood, and with fragments of abraded madrepores, dicotyledonous 
wood, and crabs’ claws. The shelly strata, also, have occasionally 
suffered denudation, and the removed portions have been replaced by 

* For a fuller account of these Encrinites, see Buckland’s Bridgewater Trea- 
tise, vol. i. p. 429. 
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clay.” ♦ In such shallow-water beds shells of the genera Patella^ 
Nerita^ Rimuluy and Cylindrites are common (see figs. 406. to 409 ); 


Fig. 404. 



Tcrehratvla dif>ona. 
Nat. size. Bradford clay. 


Fig. 404. 



Purpurof'dfa nodulaia. ^ nat. «i*e. 
Great Oolite. Miuchitihamptuii. 


Fig. 406. 


Cylindriiet acutut 
Syn. Action ocufus. 
Great Oolite. 
Miiichiuhampton. 


Fig. 407. 



Patella rugoia. Sow. 
Great Oolite. 


Fig. 409. 



Xerita eostulata, Deih. Rimula ( Etnargmula) 
Great Oolite. elathrata, Sow. Great Oolite. 


while cephalopoda are rare, and, instead of ammonites and belem- 
nites, numerous genera of carnivorous trachelipods appear. Out of 
142 species of univalves obtained from the Minchinhampton beds, 
Mr. Lycett found no less than 41 to be carnivorous. They belong 
principally to the genera Buccinum^ Pleurotoma^ Bostellaria, Murex^ 
Pirpuroidea (fig. 405.), and Fusus^ and exhibit a proportion of 
zoophagous species not very different from that which obtains in 
warm seas of the Recent period. These zoological results are 
curious and unexpected, since it was imagined that we might look 
in vain for the carnivorous trachelipods in rocks of such high anti- 
quity as the Great Oolite, and it was a received doctrine that they 
did not begin to appear in considerable numbers till the Eocene 
period, when those two great families of cephalopoda, the ammonites 
and belemnites, had become extinct. 

Stonesjield slate . — The slate of Stonesfield has been shown by 
Mr. Lonsdale to lie at the base of the Great Oolite-f It is a slightly 
oolitic shelly limestone, forming large lenticular masses embedded in 
sand, only 6 feet thick, but very rich in organic remains. It con- 
tains some pebbles of a rock very similar to itself, and which may 
be portions of the deposit, broken up on a shore at low water or 
during storms, and redeposited. The remains of belemnites, tri- 
gonise, and other marine shells, with fragments of wood, are common, 
and impressions of ferns, cycadese, and other plants. Several insects, 

♦ Lycett, GeoL Joum., vol. iv. p. 183. 

t Froceedings GeoL Soc., vol. L p. 414. 
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also, and, among the rest, the wing-covers of beetles, are Fiir. 4 io. 
perfectly preserved (see fig. 410.), some of them approach- 
ing nearly to the genus Bupresds.* The remains, also, of 
many genera of reptiles, such as Pleiosaur^ Crocodile ^ and 
Pterodactyl^ have been discovered in the same limestone. 

But the remarkable fossils for which the Stonesfield 
slate is most celebrated are those referred to the mam- 
miferous class. The student should be reminded that in 
all the rocks described in the preceding chapters as older 
than the Eocene, no bones of any land-quadruped, or of 
any cetacean, had been discovered until the Spalacothe- stonMftfid 
rium of the Purbeck beds came to light in 1854 (see above, p. 379.). 
Yet we have seen that terrestrial plants were not rare in the lower 
cretaceous formation, and that in the Wealden there was evidence of 
freshwater sediment on a large scale, containing various plants, and 
even ancient vegetable soils. We had also in the same Wealden 
many land-reptiles and winged insects, which render the absence of 
terrestrial quadrupeds the more striking. The want, however, ol' 
any bones of whales, seals, dolphins, and other aquatic mammalia, 
whether in the chalk or in the upper or middle oolite, is certainly 
still more remarkable. Formerly, indeed, a bone from the Great 
Oolite of Enstone, near Woodstock, in Oxfordshire, was cited, on the 
authority of Cuvier, as referable to this class. Dr. Buckland, who 
stated this in his Bridgewater Treatise t» had the kindness to soid 
me the supposed ulna of a whale, that Prof. Owen might examine 
into its claims to be considered as cetacean. It is tbe opinion of 
that eminent comparative anatomist that it cannot have belonged to 
the cetacea, because the fore-arm in these marine mammalia is in- 
variably much flatter, and devoid of all muscular depressions ami 
lidges, one of which is so prominent in tbe middle of this bone, 
represented in the annexed cut (fig. 411.). In saurians, on the con- 



Bone of a Reptile, formerly supposed to be tbe ulna of a Cet ireani firjnr) the Great Oolite 
of Eostone, near Woodstock.^ 

trary, such ridges exist for the attachment of muscles ; and to some 
animal of that class the bone is probably referable. 

♦ See Backland’s Bridgewater Trea- belong to Prionus^ 
tise ; and Brodie's Fossil Insects, where t Vol. i. p. H5. 
it is suggested that these elytra may 
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These observations are made to prepare the reader to appreciate 
more justly the interest felt by every geologist in the discovery in 
the Stonesfield slate of no less than ten specimens of lower jaws of 
mammiferous quadrupeds, belonging to four different species and to 
three distinct genera, for which the names of Amphitherium^ Phasco- 
lotherium, and Stereognalhus^ have been adopted. When Cuvier was 
first shown one of these fossils in 1818 (namely, the Amphitherium), 
he pronounced it to belong to a small ferine mammal, with a jaw 
much resembling that of an opossum, but differing from all known 
ferine genera in the great number of the molar teeth, of which it 
had at least ten in a row. Since that period a much more perfect 
specimen of the same fossil, obtained by Dr. Buckland (see fig. 412.), 
has been examined by Professor Owen, who finds that the jaw con- 
tained on the whole twelve molar teeth, with the socket of a small 
canine, and three small incisors, which are in situ, altogether amount- 
ing to sixteen teeth on each side of the lower jaw. 

The only question which could be raised respecting the nature of 
these fossils was, whether they belonged to a mammifer, a reptile, or 
a fish. Now on this head the osteologist observes that each of the half 
jaws hr question is comj>osed of but one single piece, and not of two 
or more 8ej)arate bones, as in fishes and most reptiles, or of two bones 
united by a suture, as in some few S])ecie8 belonging to those classes. 


Fig. 412 
Natural size. 



Amphttherium Prevostii, Cuv. sp. Stonesfield Slate. Syn. Thylacothermm Prcvmtii, Valenc. 
a. coronoid procQss. 6. condyle. c. angle of jaw. d. double-fanged molar*. 


The condyle, moreover (b, fig. 412.), or 
articular surface, by which the lower jaw 
unites with the upper, is convex in the 
Stonesfield specimens, and not concave as 
in fishes and reptiles. The coronoid pro- 
cess (a, fig, 41 2.) is well developed, whereas 
it is wanting, or very small, in the inferior classes of vertebrata. 
Lastly, the molar teeth in the Amphitherium and Phascolotherium 
have complicated crowns and two roots (see d, fig. 412.), instead of 
being simple and with single fangs.* 


Fig. 413. 



Amphithertum Broderipii, Owen 
Natural lise. Stonesfield Slate 


♦ I have given a figure in the Prin- Prevostii, in which the sockets and roots 
ciples of Geology, chap, ix., of another of the teeth are finely exposed. 
Stonesfield specimen of Amphitherium 
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The only question, therefore, which could fairly admit of contro- 
versy was limited to this point, whether the fossil mammalia found 
in the Lower Oolite of Oxfordshire ought to be referred to the mar- 
supial quadrupeds, or to the ordinary placental series. Cuvier had 
long ago pointed out a i>eculiarity in the form of the angular process 
(c, tigs. 417. and 418.) of the lower jaw, as a character of the genus 


Fig. 414. 



Tupam Tana, 


Right rainut of lower jaw. 
Natural «ixe. 

A recent in»ectivorou» placental 
mammal, from Sumatra. 


Fig. 416. Fig. 416. 



Tart of lower jaw of Tupaia Tana ; 
twice natural size. 

Fig. 41.^ End view seen from behind, showing 
the very slight Inflection of the angle at f. 
Fig. 41G. Side view of same. 


Fig. 417 Fig. 41H. 



Part of lower jaw of Didclpht/s Axant ; 
recent, Brazil. Natural size. 

Fig. 417. End view seen from behind, showing 
the inflection of the angle of the jaw, c, d. 
Fig. 418. Side view of same. 


Didelphys ; and Professor Owen has since confirmed the doctrine of 
its generality in the entire marsupial series. In all these jiouched 
quadrupeds this process is turned inwards, as at c c/, fig. 417. in the 
Brazilian opossum, whereas in the placental series, as at c, figs. 415. 
and 416., there is an almost entire absence of such inflection. The 
Tupaia Tana of Sumatra has been selected by rny friend Mr. Water- 
house for this illustration, because the jaws of that small insectivo- 
rous quadruped bear a great resemblance to those of the Stonesfield 
Amphitherium. By clearing away the matrix from the specimen (>i‘ 
AmphitheriumPrevostii above represented (fig, 412.), Professor Owen 
ascertained that the angular process (c) bent inwards in a slighter 
degree than in any of the known marsupialia ; in short, the inflection 
does not exceed that of the mole or hedgehog. This fact made him 
doubt whether the Amphitherium might not be an insectivorous 
placental, although it offered some points of approximation in its 
osteology to the marsupials, especially to the Mijrmecohius, a small 
insectivorous quadruped of Australia, which has nine molars on each 
side of the lower jaw, besides a canine and three incisors.* 

Another species of Amphitherium has been found at Stonesfield 
(fig. 413. p. 404.), which differs from the former (fig. 412.) princi- 
pally in being larger. 


A figure of this recent Myrmecobiut will be found in the Principles, chap. ix. 
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The second mammiferous genus discovered in the same slates was 
named originally by Mr. Broderip Didelphys Bucklandi (see fig. 


Fig. 419. 


Phateolothenum Bucklandi^ Broderip, fp. 
a. natural lixe. b. molar of tame, magnified. 

419.), and has since been called Phascolotherium by Owen. It mani- 
fests a much stronger likeness to the marsupials in the general form 
of the jaw, and in the extent and position of its inflected angle, while 
the agreement witli the living genus Didelphys in the number of the 
pre-molar and molar teeth is complete.* 

In 1854 the remains of another mammifer, small in size, but 
larger than any of those previously known, was announced by Mr. 
Charlesworth to the British Association as having been obtained 
many years before from the Stonesfield slate by the Rev. J. P. 
Dennis. This fossil, to which the generic name of Stereognathns 
was given, consisted, as is usually the case in these old rocks (see 
above, p, 383.), of part of a lower jaw, in which were implanted 
three double-fanged teeth, differing in structure from those of all 
other known recent or extinct mammals. According to Professor 
Owen, the molar of PliolophiiSy a small extinct herbivorous genus of 
the London clay, mak(3S the nearest approach to it. The form and 
structure of the teeth in Stereognathus seemed to imply that this 
quadruped poswsessed a higher organization than any other secondary 
mammal yet discovered, but the doubts entertained respecting its 
true affinities aflbrd a somewliat disappointing illustration of the 
limited extent to which Cuvier’s law of correlation or the co- 
existence of animal structures is available in palaeontology. Given 
a lower jawbone with three perfect molar teeth, having two or 
more fangs each implanted in separate sockets, to find the rest of 
the organization, or at least to determine the family and sub-class to 
which the animal belonged — such being the problem. Professor Owen 
tells us that he believes that Stereognathus was hoofed, herbivorous, 
and placental, but he adds, that for anything that physiological 
science can prove to the contrary, it may have been unguiculate, 
insectivorous, and marsupial ! f 

Professor Owen has remarked that, as the marsupial genera, to 
which the Phascolotherium is most nearly allied, are now confined 
to New South Wales and Van Diemen’s Land, so also is it in the 
Australian seas that we find the Cestracioriy a cartilaginous fish 
which has a bony palate, allied to those called Acrodus (see fig. 453. 
p. 419.) and Strophodus, so common in the Oolite and Lias. In the 




* Owen’s British Fossil Mammals, p. 62. 
t Owen’s Paleontology, second ed., p. 348. 
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same Australian seaa, also, near the shore, we find the living Tri~ 
gonia, a genus of molluscs so frequently met with in the Stonesfield 
slate. So, also, the Araucarian pines are now abundant, together 
with ferns, in Australia and its islands, as they were in Europe in 
the Oolitic period (see fig. 421.), Endogens of the most perfect 
structure are met with in oolitic rocks, as, for example, the Podo- 
carya of Dockland, a fruit allied to the PandanWy found in the 
Inferior Oolite (see fig. 420.). 

n«.42i. 



Cone of Araurnria, Inferior Oolite. Bruton, 
SotuersHslnre. diHin. of original 
In the collection of the Brillih Muieuni. 

The Stonesfield slate, in its range from Oxfordshire to the north- 
east, is represented by flaggy and fissile sandstones, as at Collyweston 
in Northamptonshire, where, according to the researches of Messr.^.. 
Ibbct.son and Morris*, it contains many shells, such as Trigonia 
nyigulaia., also found at Stonesfield. But the Northamptonshire 
strata of this age assume a more marine character, or appear at least 
to have been formed farther from land. They enclose, however, 
some fossil ferns, such v^ Pecopteris polgpodioides, of species common 
to the oolites of the Yorkshire coast, where rocks of this age put on 
all the aspect of a true coal-field ; thin seams of coal having actually 
been worked in them for more than a century. 

In the north-west of Yorkshire, the formation alluded to consists 
of an upper and a lower carbonaceous shale, abounding in impressions 
of plants, divided by a limestone considered by many geologists as 
the representative of the Great Oolite ; but the scarcity of marine 
fossils makes all comparisons with the subdivisions adopted in the 
south extremely difficult. A rich harvest of fossil ferns has been 
obtained from the upper carbonaceous shales and sandstones at 
Gristhorpe, near Scarborough (see figs. 384, 38o.). The lower 
shales are well exposed in the sea-cliflfs at Whitby, and are chiefly 

♦ Ibbetson and Morris, Report of Brit. Ass., 1847, p. 131.; and Morrib, 
Geol. Joum., ix. p. 334. 
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characterized by ferns and cycadeae. They contain, also, a species 
of catamite, and a fossil called Equisetum eolumnare, which main- 
tains an upright {Kisitiou in sandstone strata over a wide area. 
Shells of Estheria and Unio, collected by Mr. Bean from these 


Fig.m. 



Pierophyllum eompium. Syn. Cycttiilen comptu*. 
Upper Sanditone and Shale, Griithorpe, near Scarhorough. 


Fig. 423. 



11 finite Htr$ Brotrmi, Goepp. 

Syn. FhlcbopU rts contigua, Lind. Hutt. 

Upper Carbonacenus strata. Lower Oolite, Gristhorpe, Yorkshire. 


Yorkshire coal-bearing beds, point to the estuary or fluviatile origin 
of the de])osit. 

At Brora, in Sutherlandshire, a coal formation, probably coeval 
with the above, or belonging to some of the lower divisions of the 
Oolitic period, has been mined extensively for a century or more. 
It affords the thickest stratum of pure vegetable matter hitherto 
detected in any secondary rock in England. One seam of coal of 
good quality has been worked 3^ feet thick, and there are several 
feet more of pyritous coal resting upon it. 

Fullers Earth (A, Tab., p. 376.). — Between 
Fig. 424. Great and Inferior Oolite, near Bath, an 



argillaceous deposit, called “ the fuller’s earth,” 
occurs ; but it is wanting in the North of Eng- 
land. It abounds in the small oyster represented 
in fig. 424. The number of moUusca known in 


Qstrea acuminata. 
Fuller’s Earth. 


this deposit is only 22, viz. 17 lamellibranchiate 
bivalves, 4 Brachiopods, and 1 Cephalopod 


{Belemnites giganteus). 


FOSSll^a OF INFERIOR OOLITE, 
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In ferior Oolite , — This formation consists of a calcareous freestone, 
usually of small thickness, which sometimes rests upon, or is re- 
placed by, yellow sands, called the sands of the Inferior Oolite. 
These last, in their turn, repose upon the lias in the south and west 
of England. Among the characteristic shells of the Inferior Oolite, 
I may instance Terehratula fimbria (fig. 425.), Rh^nchonella spinoaa 
(fig. 426.), and Pholadomya fidicula (fig. 427.). The extinct genus 

Fig. 425. Fig. 426. Fig. 427. 



Terehratula fimbria. Rhynchonrlla sutnosa. 
Inferior Oolite. Inferior Oolite. 



a. Pholadomya fidicula, ^ iiiit, size. Inf. Ool. 

b. Heurt-zhapeii anterior termiiiation of the 

fta;ne. 


ig. 428. 


Fig. 4‘il>. 


Fig. 430. 



rieurotomaria grannlata. Pleurotomaria ornnta^ Sow. Sp. Coltyntrx rtnfiQns. 

Ferruginous Oolite. Nonnandy. Inferior Oolite. Inf. Ool., .Somersetshire. 

Inferior Oolite, England. 


Pleurotomaria is also a form very common in this division as well 
as in the Oolitic system generally. It resembles the Trochus in 
form, but is marked by a deep cleft (a, fig. 428. and 429.) on one 


Fig. 431. 



Jmmoniift WumphreiianiUt Sow. 
Infeeior Oolite. 


side of the mouth. The Collyrites ringens (fig. 430.) is an Echi- 
noderm common to the Inferior Oolite of England and France, 
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M are the two AmmoniteB of which representations are here given 
(figs. 431, 432.). 


Fig. 432. 



/irnikenHdgu, Sow. 
Ooliti*, S('arl)f»r<iUKh 
Inf. Ool,, Dundryi Catvadoi ; &c. 


rig. 483. 



Ottrea Manhit. ^ nat. iiiie. 
Middle and Lower Oolite, or ranging 
from Coral Bay to Cornbraah. 


Pnlfpontolngical relations of the Oolitic strata , — Observations have 
already been made, p. 343., on the distinctness of the organic remains 
of the Oolitic and Cretaceous strata, and, at pp. 395. and 398., of 
the ]>rf)portion of species common to the Upper and Middle, and to 
the Middle and Lower Oolite. Between the latter and the Lias there 
is a somewhat greater break, for out of 120 mollusca of the Upper Lias, 
13 species only pass up into the Inferior Oolite. Professor Ramsay 
has called our attention to an important generalization not | yet 
alluded to, namely, that there are at present wider breaks between 
some of our minor subdivisions, and especially between the Inferior 
and the Great Oolite, paleontologically considered, than between 
what* we generally regard as divisions of a higher order, such as the 
Lower, Middle, and Upper Oolites. Thus, for example, there are, 
according to Mr. Etheridge’s tables, 518 species of mollusca known 
in tlie Great Oolite and 370 in the Inferior, and of these only 93, or 
about 12 per cent., are common to the two; and, what is very re- 
markable, of 39 species of Cephalopoda known in the Inferior Oolite, 
only one passes upwards into the Great Oolite, namely, Belemnites 
gigonteus, and it has been questioned by some palaeontologists whe- 
ther even this Belemnite has really been found in the Upper of the 
two formations. This distinctness of the Cephalopoda is the more 
striking, because both the Great and Inferior Oolites are calcareous 
formations, and we cannot, therefore, account for the difference 
of species by any marked dissimilarity in the nature of the sea- 
bottom. As to the intervening Fuller’s Earth, it affords us but little 
information in regard to the condition of marine life, having yielded 
at present only 22 mollusca, as before mentioned (p. 408.). 

While, therefore, the break between two great members of the 
Lower Oolite is expressed by saying that the proportion of species in 
common only amounts to 12 per cent., we have seen that there is a 
connection of 24 per cent, between the Upper and Middle, and 21 per 
cent, between the Middle and Lower Oolite ; in other words, there 
is twice as great a connection between our larger divisions as be- 
tween two separate members of one of them. 
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Fig. 454. 



Ammon t/rs mamwrphalut 
S(‘hli»llt. iu.it.sUo, 
Grtfat Oolite Atid Oxford 
Glay. 


In illustration of shells having a great vertical range, it may be 
stated that in England 4 species, and 4 only, are known to pas4 up 
from the Lower to the Upper Oolite, namely, Rhynchonella obsoleta^ 
Lithodomus inclusus, Pholculomya ovalis, and Trigonia elongata. 

Of all the Jurassic Ammonites of Great 
Britain, A, Macrocephalus, Schloth, which is 
common to the Great Oolite and Oxford Clay, 
has the widest range. 

That most of the sudden changes of species 
were due to migration, may be inferred, as 
Prof. Ramsay remarks, from the fact that, after 
disappearing from an intermediate formation, 
they often reappear in a higher one. But the 
phenomena, on the whole, indicate a constant 
dying out of pre-existing species and a coming 
in of new ones. We have every reason to con- 
clude that the gaps which occur, both between tlie larger and 
smaller sections of the English Oolites, im[)ly intervals of time, 
elsewhere represented by fossiliferous strata, although no deposit 
may have taken place in the British area. This conclusion 
warranted by the partial extent of many of the minor and some of 
the larger divisions even in England. “Thus, the Inferior Oolite,*’ say.s 
Prof. Ramsay, “ attains its maximum development near Cheltenham, 
where it can be subdivided into at least throe parts. Passing north, 
the two lower divisions, each more or less characterized by its own 
fossils, disappear, and the rag-stone, north-east of Cheltenham, lies 
directly upon the Lias, apparently as conformably as if it formed 
its true and immediate successor. In Dorsetshire, on the coast, the 
series is again perfect, though thin. Near Chipping Norton, in 
Oxfordshire, the Inferior Oolite disappears altogether, and th(^ 
Great Oolite, having first overlapped the Fuller’s Earth, passes 
across the Inferior Oolite, and in its turn seems to lie on the Upper 
Lias with a regularity as perfect as if no formation anywhere in the 
neighbourhood came between them. In Yorkshire the changed tyjie 
of the Inferior Oolite, the prevalence of sands, land-plants, and beds 
of coal, leave no doubt of the presence of terrestrial surfaces on 
which the plants grew, and all these phenomena lead to the 
conclusion that various and considerable oscillations of level took 
place in the British area during the deposition of the strata, both 
of the Inferior Oolite and of the formations that immediately 
succeed it.” * 

Mr. Howell has pointed out that in Bedfordshire the Cornbrash 
and Kelloway rock are sometimes both absent, and the Oxford clay 
rests conformably on the Great Oolite, showing, like the examples 
before cited, that conformity is no proof of direct sequence, and 
aiding us more and more to conceive that the changes in the organic 


* Geol. Quart. Jouro., voL xx. p. 56. 1864. 
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world may in reality have been gradual and uninterrupted, although 
the fragmentary character of the records handed down to us might 
load us to infer, unless we were constantly on our guard against 
being deceived, that there had been many general and sudden 
breaks in the recording process, and abrupt transitions from one set 
of organic types to another. 
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JURASSIC GROUP — continued, lias. 

Mineral character of Lias — Numerous successive Zones in the Lias, marked by 
distinct fossils, without unconformity in the stratification, or change in the 
mineral character of the deposits — Name of Gryphitc limestone — Fossil shells 
and fish — Iladiata — Ichthyodorulites ^ Reptiles of the Lius ~ Ichthyosaur and 
Plesiosaur — Marine Reptile of the GaIa])ago8 Islands- Sudden destruction ami 
burial of fossil animals in Lias — Fluvio- marine beds in Gloucestershire, and 
insect limestone — Fossil plants — Origin of the Oolite and Lias, and of alter- 
nating calcareous and argillaceous formations. 

Lias , — The English provincial name of Lias has been very generally 
adopted for a formation of argillaceous linuistone, marl, and clay, 
which forms the base of the Oolite, and is classed by many geolo- 
gists as part of that group. They pass, indeed, into eacli other in 
some places, as near Bath, a sandy marl called the marlstone of the 
Lias being interposed, and partaking of the mineral characters of 
the lias and the inferior oolite. These last-mentioned divisions 
have also some fossils in common, such as the Avicula inmpiivalvis 
(fig. 435.). Nevertheless the Lias may be traced throughout a great 


Fig. 43C. 



part of Europe as a separate and independent group, of consider- 
able thickness, varying from 500 to 1000 feet, containing many 
peculiar fossils, and having a very uniform lithological aspect. 
Although usually conformable to the oolite, it is sometimes, as 
in the Jura, unconform able. In the environs of Lons-le-Saulnier, 
for instance, in the Department of Jura, the strata of Lias are 
inclined at an angle of about 45°, while the incumbent oolitic marls 
are horizontaL 
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The peculiar aspect which is most characteristic of the Lias in 
England, France, and Germany, is an alternation of thin beds of 
blue or grey limestone, having a surface which becomes light-brown 
when weathered, these beds being separated by dark-coloured, narrow 
argillaceous partings, so that the quarries of this rock, at a distance, 
assume a striped and riband-like appearance.* 

The Lias has been divided in England into three formations, the 
Upper, Middle, and Lower. The Upper Lias consists first of sands, 
which were formerly regarded as the base of the Oolite, but which, 
according to Dr. Wright, are by their fossils more properly refer- 
able to the Lias ; secondly, of clay shale and thin beds of limestone. 
The Middle Lias, or marlstone series, has been divided into three 
zones ; and the Lower Lias, according to the labours of Quenstedt, 
Opf)el, Strickland, Wright, and others, into six zones, each marked 
by its own group of fossils. This Lower Lias averages from 600 
to 9(X) feet in thickness. 

From Devon and Dorsetshire to Yorkshire all these divisions, 
observes Professor Ramsay, are constant ; and from bottom to top 
we cannot assert that anywhere there is actual unconformity 
between any two subdivisions, whether of the larger or smaller 
kind. In the whole of the English Lias, there are about 243 
genera, and 467 known species.f The whole series has been divided 
by zones characterized by particular ammonites ; for while other 
families of shells pass from one division to another in numbers 
varying from about 20 to 50 per cent., these cepbalopods are almost 
always limited to single zones, as Quenstedt and Oppel have shown 
for Germany, and Dr. Wright for England. J 

As no actual unconformity is known from the bottom of the 
Lower to the top of the Upper Lias, and as there is a marked 
uniformity in the mineral character of almost all the strata, it is 
somewhat difficult to account even for such partial breaks as have 
been alluded to in the succession of species, if we reject the hy- 
pothesis that the old species were in each case destroyed at the close 
of the deposition of the rocks containing them, and replaced by the 
creation of new forms when the succeeding formation began, I 
agree with Professor Ramsay in not accepting this hypothesis. No 
doubt some of the old species occasionally died out, and left no 
representatives in Europe or elsewhere ; others were locally 
exterminated in the struggle for life by species, which invaded 
their ancient domain, or by varieties better fitted for a new state of 
things. Pauses also of vast duration may have occurred in the 
deposition of strata, allowing time for the modification of organic 
life throughout the globe, slowly brought about by variation as well 
as by extinction. 

In some parts of France, near the Vosges Mountains, and in 
Luxembourg, M. E. de Beaumont has shown that the lias contain- 

* Conyb. and Phil., p. 261. 

t Ramsav, Geol. Quart Joum., vol. xx. p. 50. 1864. 

j Dr. Wright, ibid., voL xvi. p. 10. 1859. 
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ing Gryph<ea arcuata^ PlaffiosUma giganteum (see tig. 437.), and 
other characteristic fossils becomes arenaceous ; and around the 
Hartz, in Westphalia and Bavaria, the inferior parts of the lias are 
sandy, and sometimes afford a building-stone. 

The name of Gryphite limestone has sometimes been applied to 
the lias, in consequence of the great number of shells which it 
contains of a species of oyster, or Grtf'phma (fig. 438., see also fig. 
387. p. 393.), A large heavy shell called Hippopodium (fig. 439. ), 



allied to Cypricardia, is also characteristic of the lower lias shales. 
The Lias formation is also remarkable for being the newest of tlm 
secondary rocks in which brachiopoda of the genera Spirifer and 


Fig. 439. Fig. 440. 



Leptcena (figs. 440, 441.) occur : no less than nine species of - 
rifers are enumerated by Mr. Davidson as belonging to the Lias. 
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These palliobranchiate mollusca predominate greatly in strata older 
than the Trias ; but, so far as we yet know, they did not survive 
the Liassic epoch. The marine beds of the Lias also abound in 
cephalopoda of the genera Belemnites, Nautilus^ and Ammonites 
(see figs. 442, 443, 444.). 

Among the Crinoids or Stone-lilies of the Lias, the Pentacrinites 


Fig. 443. 
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Allusion has already been made^ p« 414,, to numerous tones in 
the Lias characterised hy distinct Ammonites. Two of these occur 
near the base of the Lower Lias, having a united thickness, varying 
from 40 to 80 feet The upper and larger of these is characterised, 
especially in the south-west of England, by Ammonites Bucklandi, 
and the lower by Ammonites Planorhis (see 6g8. 447, 448.)** 


Flf,4l7. 

a 



Fig. 44a. 




Ammonitct Bvcklandt\ Sow, 
bitJilcatut^ Brug. 

I diam. of original. 

n. side view. 

b front view, showing mouth and hisulcated keel. 
Characteristic of the lower part of the l.iu* of 
England and the Cuntmeut. 


A. Planorbit, Sow. 

I dinra. of ortginal. 

From the base of ihe Lower l.ias of 
England and the Continent. 


These two shells have a wide range on the Continent of Europe, 
occurring in beds which occupy similar positions in the Liassic 
series. 

rig. 449. Fig. 4^0, 



Sxtracrintu Briareu$i=Pentnerinux 
Briarms. | nat. size. 

(Body, arms, and part of stem.) 
Lias, Lyme Regia. 


Ophfodertna Kgfricni, E. 1 _ . . 
Middle Lias, .Seaiowo. Doraat. 


The Extracrinus Briareus (removed by Major Austin from Pen- 


* Quart. Joum.,Tol. x?L p. 576. 
£ £ 
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taermm on account of generic differences) occurs In tangled masses, 
forming thin beds of considerable extent,* in the Lower Lias of 
Dorset, Gloucestershire, and Yorkshire. The remains are often 
nighly charged with pyrites. This Crinoid, with its innumerable 
tentacular arms, appears to hare been frequently attached to the 
driftwood of the liassic sea, in the same manner as Barnacles ffoat 
about at the present day. There is another species of Extracrinw 
and several of Pentacrinus in the lias ; and the latter genus is found 
in nearly all the formations from the lias to the London clay inclu- 
sive. It is represented in the present seas by the delicate and rare 
Pentacrinus Caput-medusce of the Antilles, which, with Coroatula, 
arc the only surviving members of the great and ancient family of 
the Crinoids, so widely represented throughout the older formations 
by the genera TaxocrinuSy Actinocrinus, Cpathocrinus, Encrinus, 
ApiocrinuSy and many others. 

The fossil fish resemble generically those of the oolite, belonging 
all, according to M. Agassiz, to extinct genera, and differing for the 
most part from the iclithyolites of the Cretaceous period. Among 
them is a 8])ecie8 of Lepidotus (Z. gigaSy Agass.), fig. 451., which is 


a Fig. 451. 



Scales of Lfpidotu$ ^igaSy Afrass. 
a. two of the scales, detached. 


found in the lias of England, France, and Germany.* This genus 
was before mentioned (p. 347.) as occurring in the Wealden, and is 
supposed to have frequented both rivers and coasts. Another genus 
of Ganoids (or fish with hard, shining, and enamelled scales), 
called JEchmodus (see fig. 452.), is almost exclusively Liassic. The 


h. 



Fig. 452. 




scales of JEchuteSus a. JSc k m o S ut . Gestured outline. 
LeacM, 


c. scales of Dmpedms 
momUifer, 


Agassiz, Poissons Fosstles, vol ii. tab. 28, 29. 
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teeth of A species of Aeredua, also, are yotj abundant in the lias 
(lig. 463.). 



AcroduM nobility Ann. (tooth) ; commnnijr calliKi fossil ictch." 
Lifts, Ljrmo Regis inU Germany. 


But the remains of fish which have excited more attention than 
any others are those large bony spines called ichthyodorulUes 
(a, fig. 454.), which were once supposed by some naturalists to be 


Fig. AM. h 



Hybodtu rrtiatlatus, Arass. Lias, Lyme Regis. 
a. part of till, commonly cftUed IchthyoduruUte. b. tooth. 


jaws, and by others weapons, resembling those of the living Bnlistes 
and Silurus ; but which M. Agassiz has shown to be neither the one 
nor the other. The spines, in the genera last mentioned, articulate 
with the backbone, whereas there are no signs of any such articu- 
lation in the ichthyodorulites. These last appear to have been bony 
spines which formed the anterior part of the dorsal fin, like that of 
the living genera Cestracion and Chimcera (see ■a, fig. 455.). In 


Fig. 4S.1. 



Chimofra monttroia • 

a. spine forming anterior part of the dorsal Sn. 

both of these genera, the posterior concave face is armed with small 
spines, as in that of the fossil Hybodus (fig. 454.), a placoid fish of 
the shark family found fossil at Lyme Regis. Such spines ar4 simply 
embedded in the fiesh, and attached to strong muscles. ‘^They 

* Agassiz, Poissons Fossiles, voL iii., tab. C. fig. 1. 
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serve, says Dri Buckland, “ as in the Chimmta (fig. 455.), to raise 
and depress the fin, their action resembling that of a moveable mast, 
raising and lowering backwards the sail of a barge.” * ' 

Reptiles of the Lias^^lt is not, however, the fossil fish whicli 
form the most striking feature in the organic remains of the Lias; 
but the Enaliosaurian reptiles, which are extraordinary for their 
nurnlxjr, size, and structure. Among the most singular of these are 



several Species of Ichthyosaurus and Plesiosaurus (figs. 456, 457.). 
The genus Ichthyosaurus^ or fish-lizard, is not confined to this for- 


Bridgewater Treatise, p. 290. 
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ination, bat bas been found in strata as high as the white chalk of 
England, and as low as the trias of Germany, a formation which 
immediately succeeds the lias iu the descending order.* It is 
evident from their fish -like vertebrae, their paddles, resembling 
those of a porpoise or whale, the length of their tail, and other parts 
of their structure, that the habits of the Ichthyosaurs were aquatic. 
Their jaws and teeth show that they were carnivorous ; and the half- 
digested remains of fishes and reptiles, found within their skeletons, 
indicate the precise nature of their food.f 

A specimen of the hinder fin or paddle of Ichthyosaurus communis 
was discovered in 1840 at Barrow-on- Soar, by Sir P. Egerton, which 
distinctly exhibits on its posterior margin the remains of cartila- 
ginous rays that bifurcate as they approach the edge, like those in 
the fin of a fish. (See a, fig. 458.) It had previously been supposed. 


Fig. 458. 



PoBterior part of hind fin or paddiv i>i Ichthyosaur m communis. 


says Prof. Owen, that the locomotive organs of the Ichthyosaurus 
were enveloped, while living, in a smooth integument, like that of 
the turtle and porpoise, which has no other support than is afforded 
by the bones and ligaments within ; but it now appears that the fin 
was much larger, expanding far beyond its osseous framework, and 
deviating widely in its fish-like rays from the ordinary reptilian typ(*. 
In fig. 458. the posterior bones, or digital ossicles of the paddle, are 
seen near b ; and beyond these is the dark carbonized integument 
of the terminal half of the fin, the outline of which is beautifully 
defined.^ Prof. Owen believes that, besides the fore-paddles, these 
short- find stiff-necked saurians were furnished with a tail-fin with- 
out radiating bones, and purely tegumentary, expanding in a vertical 
direction ; an organ of motion which enabled them to turn their 
heads rapidly.§ 

Mr. Conybeare was enabled, in 1824, after examining many skele- 
tons nearly perfect, to give an ideal restoration of the osteology of 
this genus, and of that of the Plesiosaurus,^ (See figs. 456^ 457.) 

♦ Bridgewater Treatise, p. 168. vol. vi. p. 199. pi. xx. 

t Ibid., p. 187. § Ibid., Second Series, vol. v. p. 511. 

I GeoLSoc. Traniact, Second Series, 1| Ibid., Second Series, vol. L p. 49. 
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The latter animal had an extremely long neck and small head, with 
teeth like those of the crocodile, and paddles analogous to those of 
the IchthyoBcuruM^ but larger. It is supposed to have lived in shal- 
low seas and estuaries, and to have breathed air like the Ichthyo- 
saur and our modern cetacea.* Some of the reptiles above men- 
tioned were of formidable dimensions. One specimen of Ichthyo- 
saurus platyodon^ from the lias at Lyme, now in the British Mu- 
seum, must have belonged to an animal more than 24 feet in length; 
and there are sj>ecies of Plesiosaurus which measure from 18 to 20 
feet in length. The form of the Ichthyosaurus may have fitted it 
to cut through the waves like the porpoise ; but it is supposed that 
the Plesiosaurus, at least the long-necked species (fig. 457.), was 
better suited to fish in shallow creeks and bays defended from heavy 
breakers. 

In many specimens both of Ichthyosaur and Plesiosaur the bones 
of the head, neck, and tail are in their natural position, while those 
of the rest of the skeleton are detached and in confusion. Mr. 
Stutchbury has suggested that their bodies after death l)ecame in- 
fiuted with gases, and while the abdominal viscera were decom- 
posing, tlie bones, though disunited, were retained within the tough 
dermal covering as in a bag, until the whole, becoming water-logged, 
sank to the bottoin.f As they belonged to individuals of all ages 
they are supposed, by Dr. Buckland, to have experienced a violent 
death ; and the same conclusion might also be drawn from their 
having escaped the attacks of their own predaceous race, or of fishes 
found fossil in the same beds. 

For the last twenty years, anatomists liave agreed that these ex- 
tinct saurians must have inhabited the sea : and it was urged that 
as there are now chelonians, like the tortoise, living in fresh water, 
and others, as the turtle, frequenting the ocean, so tliere may have 
been formerly some saurians proper to salt, others to freshwater. 
The common crocodile of the Ganges is well known to frequent 
equally that river and the brackish and salt water near its mouth ; 
and crocodiles are said in like manner to be abundant both in the 
rivers of the Isla de Pinos (or Isle of Pines), south of Cuba, and in 
the open sea round the coast. More recently a saurian has been 
discovered of aquatic habits and exclusively marine. This creature 
was found in the Galapagos Islands, during the visit of H. M. S. 
“Beagle” to that archipelago, in 1835, and its habits were then 
observed by Mr. Darwin. The islands alluded to are situated under 
the equator, nearly 600 miles to the westward of the coast of South 
America. They are volcanic ; some of them being 3000 or 4000 
feet high ; and one of them, Albemarle Island, 75 miles long. The 
climate is mild ; very little rain falls ; and, in the whole archipelago 
there is only one rill of fresh water that reaches the coast. The 
soil is for the most part dry and harsh, and the vegetation scanty. 

* Conybeare and Be la Beche., Geol. Bockland, Bridgew. Treat., p. 203. 
Trani., First Series, vol v. p. 559. ; and t Qiutrt. Geol. Jouro., vol. ii. p. 41 1 . 
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The birds, reptiles, plants, and insects are, with very few exceptions, 
of species found nowhere else in the world, although all partake, in 
their general form, of a South American type. Of the mammalia, 
says Mr. Darwin, one species alone appears to be indigenous, 
namely, a large and peculiar kind of mouse ; but the number of 
lizards, tortoises, and snakes is so great, that it may be called a land 
of reptiles. The variety, indeed, of species is small ; but the indi- 
viduals of each are iu wonderful abundance. There is a turtle, a 
large tortoise ( Te&tudo Indicus\ four lizards, and about the same 
number of snakes, but no frogs or toads. Two of the lizards belong 
to the family Iguanidm of Bell, and to a peculiar genus {Amhly- 
rhymhus) established by that naturalist, and so named from their 
obtusely truncated head and short snout.* Of these lizards one is 
terrestrial in its habits, and burrows in the ground, swarming 
everywhere on the land, having a round tail, and a mouth some- 
what resembling in form tliat of the tortoise. The other is fiqnatie, 
and has its tail flattened laterally for swimming (see fig. 4o9.). 


Fig. m. 



Amhlyrhynchui cnstatus, nell varying from 3 to 4 feet. The only exiittng 

marine lizard now known. 

a. t03th, natural tixoaiid magnified. 

“ This marine saurian,’’ says Mr. Darwin, “ is extremely common 
on all the islands throughout the Archipelago. It lives exclusively 
on the rocky sea-beaches, and 1 never saw one even ten yards in- 
shore. The usual length is about a yard, but there are some even 
4 feet long. It is of a dirty black colour, sluggish in its move- 
ments on the land ; but, when in the water, it swims with per- 
fect ease and quickness by a serpentine movement of its body and 
flattened tail, the legs during this time being motionless, and 
closely collapsed on its sides. Their liiflbs and strong claws are 
admirably adapted for crawling over the rugged and fissured masses 
of lava which everywhere form the coast. In such situations, a 
group of six or seven of these hideous reptiles may oftentimes be 
seen on the black rocks, a few feet above the surf, basking in 
the sun, with outstretched legs. Their stomachs, on being opened, 
were found to be largely distended with minced sea-weed, of a 
kind which grows at the bottom of the sea at some little distance 

r, amblytt blunt ; and rhynchus^ moat. 
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from the coast. To obtain this the lizards go out to sea in shoals. 
One of these animals was sunk in salt water from the ship, with 
a heavy weight attached to it, and on being drawn up again after 
an hour it was quite active and unharmed. It is not yet known by 
the inhabitants where this animal lays its eggs ; a singular fact, 
considering its abundance, and that the natives are well acquainted 
with the eggs of the terrestrial Amblyrhynchm^ which is also herbi- 
vorous.” * 

In those deposits now forming by the sediment washed away 
from the wasting shores of the Galapagos Islands, the remains of 
saurians, both of the land and sea, as well as of chelonians and fish, 
may be mingled with marine shells, without any bones of land 
quadrupeds or batrachian reptiles ; yet even here we should ex- 
pect the remains of marine mammalia to be embedded in the new 
strata, for there are seals, besides several kinds of cetacea, on the 
Oalapagian shores ; and, in this respect, the parallel between the 
modern fauna, above described, and the ancient one of the lias 
would not hold good. 

Sudden destruction of Saprians . — It has been remarked, and 
truly, that many of the lish and saurians, found fossil in the lias, 
must have met with sudden death an4 immediate burial ; and that 
the destructive operation, whatever may have been its nature, was 
often re[)eated. 

“ Sometimes,” says Dr. Buckland, ‘‘ scarcely a single hone or 
scale has been removed from the place it occupied during life ; which 
could not have happened had the uncovered bodies of these sau- 
rians been left, even for a few hours, exposed to putrefaction, and 
to the attacks of fishes and other smaller animals at the bottom 
of the sea.”'!' Not only are the skeletons of the Ichthyosaurs 
entire, but sometimes the contents of their stomachs still remain 
between their ribs, as before remarked, so that we can discover the 
particular species of fish on which they lived, and the form of their 
excrements. Not uiifrequently there are layers of these coprolites, 
at difi'erent depths in the lias, at a distance from any entire skeletons 
of the marine lizards from whicli they were derived ; “ as if,*' says 
Sir H. de la Beche, “ the muddy bottom of the sea received small 
sudden accessions of matter from time to time, covering up the 
coprolites and other exuvije which had accumulated during the 
intervals.'’^ It is lurther stated that, at Lyme Regis, those surfaces 
only of the coprolites which lay uppermost at the bottom of the 
sea have suffered partial decay, from the action of water before 
they were covered and protected by the muddy sediment that has 
afterwards permanently enveloped them.§ 

Numerous specimens of the Calamary or pen-and-ink fish (Geo- 
teuthis Bollensis^ Schuble sp.) have also been met with in the lias 
at Lyme, with the ink-bags still distended, containing the ink in a 


* Darwin's Journal, chap. xix. 
t Bridge w. Treat., p. 125. 


J Geological Researches, p. 334. 

§ Buckland, Bridge w. Treat, p. 307. 
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dried state, chiefly composed of carbon, and but slightly impreg- 
nated with carbonate of lime. These cephalopoda, therefore, must, 
like the saurians, have been soon buried in sediment ; for, if long 
exposed after death, the membrane containing the ink would have 
decayed.* 

As we know that river-lish are sometimes stifled, even in their 
own element, by muddy water during floods, it cannot be doubted 
that the periodical discharge of large bodies of turbid fresh water 
into the sea may be still more fatal to marine tril)e8. In the 
“ Principles of Geology ” I have shown that large quantities of mud 
and drowned animals have been swept down into the sea by 
rivers during earthquakes, as in Java in 1699 ; and that inde- 
scribable multitudes of dead fishes have been seen floating on the 
sea after a discharge of noxious vapours during similar convulsions.f 
But in the intervals between such catastrophes, strata may have 
accumulated slowly in the sea of the lias, some being formed 
chiefly of one description of shell, such as ammonites, others of 
gryphites. 

From the above remarks the reader will infer that the lias is for 
the most part a marine deposit. Some members, however, of the 
series, especially in the lowest part of it, have an estuary character, 
and must have been formed within tlie influence of rivers. In 
Gloucestershire, where the lias of tlie West of England is well 
developed, it is divisible into an upper mass of sand ami shale with 
a base of marlstone, and a lower series of shales with underlying 
limestones and shales. We learn from the researches of the Rcw. 
P. B. BrodieJ, that in the inferior of these two divisions numerous 
remains of insects and plants have been detected in several places, 
mingled with marine shells. One band, rarely exceeding a foot in 
thickness, has been named the “ insect limestone.’^ It passes up- 
wards into a shale containing Cypris and Estheriay and is charged 
with the wing-cases of several genera of coleoptera, and with some 


nearly entire beetles, of which the 
eyes are preserved. The nervures of 
the wings of neuropterous insects (fig. 

460.) are beautifully perfect in this 
bed. Ferns, with cycads and leaves 
of monocotyledonous plants, and some 
apparently brackish and freshwater jfowe? i[*aroiX«i'SVt"“rn™ 


Fig. 4G0. 



shells, accompany the insects in se- 

veral places, while in others marine shells predominate, the fos- 
sils varying apparently as we examine the bed nearer or farther 
from the ancient land, or the source whence the freshwater was 
derived. There are two, or even three, bands of ‘‘ insect limestone ^ 
in several sections, and they have been ascertained by Mr, Brodie 
to retain the same lithological and zoological characters when 


♦ Buckland, Bridgew. Treat., p. 307. t ^ History of Fossil Insects, &c., 
f See Principles, Index, Lancerote, 1846. London. 

Graham Island, Calabria. 
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traced from the centre of Warwickshire to the borders of the southern 
pwrt of Wales. After studying 300 specimens of these insects 
from the lias, Mr. Westwo^ declares * that they comprise both 
wood*eating and herb-devouring beetles, of the Linnean genera 
ElateVf Carabus, Ac., besides grasshoppers ( Gryllus), and detached 
wings of dragon-flies and mayflies, or insects referable to the X/in- 
nean genera Libellula, Ephemera, Hemerobius, and Panorpa, in all 
b(jlonging to no less than twenty-four families. The size of the 
8fH?cies is usually small, and such as taken alone would imply a 
temperate climate; but many of the associated organic remains of 
other classes must lead to a different conclusion. 

Fossil plants. — Among the vegetable remains of the Lias, several 
j-ig. 4 ^ 1 . species of Zamia have been found at Lyme 

Regis, and the remains of coniferous plants 
at Whitby. Fragments of wood are com- 
mon, and often converted into limestone. 
That some of this wood, though now pe- 
trified, was soft when it first lay at the 
bottom of the sea, is shown by a specimen 
now in the museum of the Geological Society (see fig. 461.), which 
has the form of an ammonite indented on its surface. 

M. Ad. Brongniart enumerates 47 liassic acrogens, most of them 
ferns; and 50 gyinnosperms, of wliich 39 are cycads, and 11 coni- 
fers. Among the cycads the predominance of Zaniites, and among 
the ferns the numerous genera with leaves having reticulated veius 
(as in fig. 423. p. 408.), are mentioned as botanical characteristics of 
this era,* The absence as yet from the Lias and Oolite of all signs 
of dicotyledonous angiospenns is worthy of notice. The leaves of 
such plants are frequent in tertiary strata, and occur in the Cre- 
taceous, though less plentifully (see above, p. 333.). The angio- 
sperms seem, therefore, to have been at the least comj»aratively rare 
in these older secondary periods, when more space was occupied by 
the Cycads and Conifers. 

Origin of the Oolite and Lias, — If we now endeavour to restore, 
in imagination, the ancient condition of the European area at the 
period of the Oolite and Lias, we must conceive a sea in which the 
growth of coral-reefs and shelly limestones, after proceeding witijout 
interruption for ages, was liable to be stopped suddenly by the depo- 
sition of clayey sediment. Then, again, the argillaceous matter, de- 
void of corals, was deposited for ages, and attained a thickness of 
hundreds of feet, until another period arrived when the same space 
was again occupied by calcareous sand, or solid rocks of shell and 
coral, to be again succeeded by the recurrence of another period of 
argillaceous deposition. Mr. Conybeare has remarked of the entire 
group of Oolite and Lias, that it consists of repeated alterations of 
clay, sandstone, and limestone, following each other in the same 
order. Thus the clays of the lias are followed by the sands of the 


* Tableau des Veg. Foss., 1849, p. 105. 
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inferior oolite, and these again bj shell j and coralline limestone 
(Bath oolite, he ,) ; so, in the middle oolite, the Oxford clay is fol- 
lowed by calcareous grit and coral rag ; lastly, in the upper oolite, 
the Kimnieridge clay is followed by the Portland sand and lime- 
stone.* The clay beds, however, as Sir H. De la Beche remarks, can 
l>e followed over larger areas than the sands or sandstones.f It should 
also be remembered that while the oolitic system liecomes arenaceous 
and resembles a coal-held in Yorkshire, it assumes in the Alps an 
almost purely calcareous form, the sands and clays being omitted; 
and even in the intervening tracts it is more complicated and variable 
than appears in ordinary descriptions. Nevertheless, some of the 
clays and intervening limestones do retain, in reality, a pretty uni- 
form character fur distjinccs of from 400 to 600 miles from east to 
west and north to south. 

According to M. Tliirria, the entire oolitic group in the Depart- 
ment of the Haute Saone, in France, may l>e e(jual in thickness to 
that of England ; but the importance of the argillaceous divisions is 
in the inverse ratio to that which they exhibit in England, where 
they are about equal to twice the thickness of the limestones, 
whereas, in the part of France alluded to, they reach only about a 
third of that thickness.J In the Jura the clays are still thinner, and 
in the Alps they thin Out and almost vanish. 

In order to account for such a succession of events, wd may ima- 
gine, first, the bed of the ocean to be the receptacle i’or ages of fine 
argillaceous sediment, brought by oceanic currents, which may have 
communicated with rivers, or with part of the sea near a wasting 
coast. Til is mud ceases, at length, to be conveyed to the same region, 
either because the land which had previously suffered denudation 
is depressed and submerged, or because the current is deflected in 
another direction by the altered shape of the bed of the ocean and 
neighbouring dry land. By such changes the water becomes once 
more clear and fit for the growth of stony zoophytes. Calcareous 
sand is then formed from comminuted shell and coral, or, in some 
cases, arenaceous matter replaces the clay ; because it commonly 
happens that the finer sediment, being first drifted farthest from 
coasts, is subsequently overspread by coarse sand, after the sea has 
grown shallower, or when the land increasing in extent, wdietlier by 
upheaval or by sediment filling up parts of the sea, has approached 
nearer to the spots first occupied by fine mud. 

In order to account for another great formation, like the Oxford 
clay, again covering one of coral limestone, we must sup{>ose a sink- 
ing down like that which is now taking place in some existing 
regions of coral between Australia and South America. The oc- 
currence of subsidences, on so vast a scale, may have caused the 
bed of the ocean and the adjoining land, throughout great parts of 
the European area, to assume a shape favourable to the deposition of 

* Con. and PhiU p. 166. J Burat’s D’Aubniason, tom. ii. p, 

f Geol. Researches, p. 337. 456. 
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another set of clayey strata ; and this change may have been sue- 
ceeded by a series of events analogous to that already explained, and 
these again by a third series in similar order. Both the ascending 
and descending movements may have been extremely slow, like those 
now going on in the Pacific ; and the growth of every stratum of 
coral, a few feet of thickness, may have required centuries for its 
completion, during wJiich certain species of organic beings disap* 
poared from the earth, and others were introduced in their place ; so 
that, in each set of strata, from the Lias to the Upper Oolite, some 
peculiar and characteristic fossils were embedded. 
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CHAPTER XXII. 

TRIAS OR NEW RED SANDSTONE GROUP. 

Distinction between New and Old Red Sandstonb— Between Upper and Ix»wer 
Now Red— The Trias and its three divisions — Most larg< ly developed in Ger- 
many — Recognition of a Marine equivalent of the Upper Trias in the Austrian 
Alps — True position of the St. Cassian and Hallstadt Beds — 800 new species 
of triassic Mollusca and Radiatn — Links thus supplied for connecting tho 
Palteozojc and Neozoic faunas— Kenper and its fossils -Muschclkalk and fossils 
— Fossd plants of the Bunter — Triassic group in England- Bone-bed of Axmouch 
and Aust— Red Sandstone of Warwickshire and Cheshire- Footstep* of CAft- 
rnUicrium in England and Germany— Osteology of the — Whether 
this Batracliian was identical with Cheiroiherium — Dolomitic Conglomerate 
of Bristol— Origin of Red Sandstone and Rock-salt— Hyjwthesis of saline 
volcanic exhalations — Theory of the precipitation of sail from inlatid lakes or 
lagoons— Saltncss of tho Red Sea — Trijissic coal-field of Eastern Virginia, near* 
Richmond — New Red Sandstone in the United States— Fossil footprints of birds 
and reptiles in the valley of the Connecticut — Antiquity of the Red Sandstone 
containing them — Triassic mamniifer of North Carolina. 

Between the Lias and the Coal (or Carboniferous group) there is 
interposed, in the midland and western eounties of England, a great 
series of red loams, shales, and sandstones, to whit'h the name of the 
“New Red Sandstone formation” was first given, to distinguish it 
from other shales and sandstones called the “Old Red” (c, fig. 462.), 
often identical in mineral character, which lie immediately beneath 
the coal 


Fig. 462. 



c Old Red Sandstone. 6, Coal, a. New Red I^ndstone. 


The name of “ R(*d Marl ” has been incorrectly applied to the red 
clays of this formation, as before explained (p. 13 ), for they are 
remarkably free from calcareous matter. The absence, indeed, of 
carbonate of lime, as well as the scarcity of organic remain.s together 
with the bright red colour of most of the rocks of this group, causes 
a strong contrast between it and the Jurassic formations before de- 
scribed. 

Before the distinctness of the fossil remains characterizing the 
upper and lower part of the English New Red had been clearly 
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recagnisted, it was found convenient to have a common name for 
all the strata intermediate in position between the Lias and Coal ; 
and the term **Poikilitic” was proposed by Messrs. Conybeare and 
Bockland from ttocWAoc, poikilos, variegated, some of the most 
characteristic strata of this group having been called variegated by 
Werner, from their exhibiting spots and streaks of light-blue, green, 
and buff colour, in a red base. 

A single term, thus comprehending both Upper and Lower New 
Red, or the Triassic and Permian groups of modern classifications, 
may still be useful in describing districts where we have to speak 
of masses of red sandstone and shale, referable, in part, to both 
these eras, but which, in the absence of fossils, it is impossible to 
divide. 

Trias or Upper Neto Red Sandstone Grovp . — As the group of 
strata now to be considered is more fully developed in Germany than 
in England or France, it will be well to consider in the iirst place 
the manner in which it presents itself in that country. It has been 
called the Trias by German writers, or the Triple Group, becau.«e 
it is separable into three distinct formations, called the “ Keuper,” 
the “ Muschelkalk,” and the “Bunter-sandstein.” 


German. 


Kcujvcr 

Mugchelkalk - 
Bunter-sandstein 


Nonenclatoiie of Thus. 


French. 

- Marncs irisees 


Engliih. 

^ \ Saliferous and gypseous 
I shales and sandstone. 


f Muschelknlk, ou 
‘ \ coquiliter 

- Gri^s bigarre 


v.nkaire \ 

j wanting in England. 

r Sandstone and quartz- 
* ose conglomerate. 


Upper Trias, or Keuper , — It has been already stated, p. 414., that 
near the base of the Lower Lias are certain zones of strata, distin- 
guished by the abundaiK^e of peculiar species of ammonite, in one of 
which A, Bucklandi, and in another still lower A, Planorbis 
abound. In North-western Germany, as in England, beneath these 
aramonitiferous zones, there occurs a remarkable bone breccia, a 
marine formation, the shells of which are distinct from those of tin? 
Lias. It is filled with the remains of fishes and reptiles, almost all 
the genera of which, and some even of the species, agree with those 
of the subjacent Trias. This breccia has accordingly been con- 
sidered by Professor Quenstedt and other German geologists of high 
authority, as the newest or uppermost part of the Trias. Professor 
Plieniager found in it, in 1847, the molar tooth of a small Triassic 
Mammifer, called by him Microlestes antiquus. He inferred its 
true nature from its double fangs, and from the form and number 
of* the protuberances or cusps on the fiat crown; and considering it 
as predaceous, probably insectivorous, he called it Microlestes, from 
>oc, little, and Xperrijc^ a beast of prey. Soon afterwards he found 

Buckland, Bridg. Treat, vol. ii. p. 88. 
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a second tooth, also at the same locality, Diegerloch, about two miles 
to the south-east of Stuttgart. Some of its cusps are broken, but 


Fig. 4e3. 



JUtcroieiUt anttimuM^ Pli«nlnger. MnUr tooth, magnified. Upper Trlan, 
Diegerloch, nenr Stuttgart, Wiirtemberg. 
a. view of inner side V b. same, OMter fide ? 

c. same In profile. d. crown of tame. 


Fig. 4G4. 


FIjj. 4r,.V 



Microlcstrs atUtquut, Plien. 

View of tame molar as No. 4f>3. From a drawing by 
Hermann Von Meyer. 
a. Tiew of inner tide ? b, crown of tame. 
c. crown of the tame, magnified. 


Molar Of Mtcrolettei f PMen, 
4 timet as large at the fig 
4(a. From the Trias of Die* 
gerloch, Stuttgart. 


there seem to have been six of them originally. From its agree- 
ment in general characters, it was supposed by Professor Plieninger 
to belong to the same animal, but as it is four times as big, it may 
perhaps have been the tooth of another allied species. This molar 
is attached to the matrix consisting of sandstone, whereas the tooth 
(fig. 463.) is isolated. Several fragments of bone, differing in 
structure from that of the associated saurians and fish, and believed 
to be mammalian, were embedded near them in the same rock. No 
anatomist had been able to give any feasible conjecture as to the 
affinities of this minute quadruped until Dr. Falconer, in 1857, re- 
cognized an uninistakeable resemblance between its teeth and the 
two back molars of his new genus Plagiaulax (see above, fig. 337. 
p. 381.), from the Purbeck strata. This would lead us to the con- 
clusion that Microlestes was marsupial and plant-eating. 

In Wurtemberg there are two bone-beds, namely, that containing 
the Microlestes, which has just been described, which constitutes, as 
we have seen, the uppermost member of the Trias, and another of 
still greater extent, and still more rich in the remains of fish and 
reptiles, which is of older date, intervening between the Keuper 
and Muschelkalk. 

The genera SaurichthySj Hyhodus^ and Gyroleph^ are found in 
both these breccias, and one of the species, Saurichthys Mongeoti^ is 
common to both bone-beds, as is also a remarkable reptile called 
Nothosaurus mirabilis. The saurian called Belodon by H. Von 
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Meyer, of the 'Hiecodont family, is another Triassic form, associated 
at Diegerloch with MicroUsteM, 

Beneath this bone-breccia follows the regular series of strata 
called Keuper, which in Wurteinberg is about 1000 feet thick. It 
is divided by Alberti into sandstone, gypsum, and carbonaceous 
slate clay.* Remains of reptiles called Nothosaurus and Phyto- 
Fig. 466 . sauries have been found in it with Lahy- 

rinthodon; the detached teeth, also, of 
placoid fish and of rays, and of the genera 
Saurichtkys and Gyrolepis (figs. 481, 482. 
p. 440.). 

The plants of the Keuper are generically 
very analogous to those of the lias and 
oolite, consisting of ferns, equisetaceous 
i coiumttarii. (s>n. plants, cycads, and conifers, with a few 
doubtful monocotyledons. A few species 
magnified. Keuper. Equisetites columnaris^ are com- 

mon to this group and the oolite. 

St Cassian and Halhtadt Beds. — The sandstones and clay of 
the Keuper resemble the deposits of estuaries and a shallow sea 
near the land, and afford, in the N.W. of Germany, as in France 
and England, but a scanty representation of the marine life of that 
period. We might, however, have anticipated, from its rich rep- 
tilian fauna, that the contemporaneous inhabitants of the sea of 
the Keuper period would be very numerous, should we ever have 
an opportunity of bringing their remains to light. This, it is 
believed, has at length been accomplished, by the position now 
assigned to certain Alpine rocks called the “ St. Cassian beds,” 
the true place of which in the series was until lately a subject 
of much doubt and discussion. For valuable researches relating 
to these formations, we are indebted to many eminent geologists, 
especially to MM. Voii Buch, E. de Beaumont, Murchison, Sedg- 
wick, and Klipstein, and in Switzerland to MM. Escher and 
Merian, and more lately in Austria to MM. Von Hauer, Suess, 
Hornes, and Giiaihel. It has been proved that the Hallstadt beds 
on the northern flanks of the Austrian Alps correspond in age with 
the St. Cassian beds on their southern declivity, and the Austrian 
geologists hence satisfied themselves that the Hallstadt formation is 
referable to the period of the Upper Trias. Assuming this conclu- 
sion to be correct, we become acquainted suddenly and unexpectedly 
with a rich marine fauna belonging to a period previously believed 
to be very barren of organic remains, because in England, France, 
and Northern Germany the Upper Trias is chiefly represented by 
beds of fresh or brackish water origin. Mr. Edward Suess, of 
Vienna, to whom we are indebted for several memoirs on the rocks 
in question, has favoured me with the following summary of the 
order of succession of the Hallstadt beds in the Austrian Alps, 
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which I hftd au opportunity, when travelling in the autumn of ! 
of verifying in company with Mr. Giimbel, of Munich. 

The uppermost strata first enumerated immediately underlie tlu‘ 
Lower Lias of the Swabian Jura. This lias is represented near 
V ienna by a brown limestone, containing AmmoMtUs Bucklandi^ A. 
Conybeariiy &c. 


Strata below the Lia^ in the Austrian AlpSy in descending Order, 


1. Koesscn beds, 

(Synonyms, Upper St. 
Cassiaxi beds of Escher and 
Merian.) 


Grey and black limestone, with calcareous marls 
having a thickness of about 60 feet. Among 
the fossils, Brachiopoda very numerous ; 8<»me 
few species common to tlie genuine Lins; many 
peculiar. Avicula amtorUt^ Pecten Valoniensits^ 
Cardium Rhatticum^ Avtcnla imtquividvis^ Spirt- 
fer Miimteri, Dav. Strata containing the above 
fossils alternate with the Dachstein beds, lying 
next below. 


2. Dachstein beds. 


3. Hallstadi beds 
(or St. Cassian). 


^White or greyish limestone, often in beds 3 or 
4 feet thick. Total thickness of the formation 
above 2000 foot. Upjxer part fossilifcrcms, with 
^ some strata composed of corals. {Lithcaiendron.) 
Lower portion without fossils. Among the 
characteristic shells arc Hemicardium U u//>nt, 
Megalodon triqueter, and other large bivalves, 
riled, pink, or white marble, from 800 to 1000 feet 
in thickness, containing more than 800 species 
of marine fossils, for the most part mollusra. 
Many species of Orihoceras, True Ammomtes, 
besides CeratUes and Goniatifeti^ Rclemmtes 
(rare), Porcellia, PleurotomanUy Tntchusy Mono- 
tin HalinarUiy &c. 


4. A. Gnttenstein beds. 
B. Werfen beds, base 
of Upper Trias ? 
Lower Trias of some 
geologists. 


A. Black and grey limestone 
1 60 feet thick, alternating 
with the underlying Werfen 
beds. 

B, Ked and green shale and 
sandstone, with Salt and 
Gypsum. 


Among the fossils are 
Ceratites cattsianus 
Myaciten /asmenHin, 
Naticella costatay ike. 


In regard to the age of the rocks above mentioned, the Koesscn 
and Dachstein beds have been referred by some to the Lias, by 
others to the Trias, while many have considered them to be of in- 
termediate date. But Mr. Suess has shown that the Koessen beds 
correspond to the upper bone-bed of Swabia, in which the Micro- 
lestes w^as found (see p. 430.), and the same geologist remarks that 
some of the fossils of the beds 1. and 2. are identical with the Irish 
“ Portrush beds ” of General Portlock, described in his Ileport on 
Londonderry. The Koessen beds have been traced for 1(K) geo- 
graphical miles from near Geneva to the environs of Vienna. 

The German geologists are now generally agreed, as already 
stated, that the Hallstadt and St. Cassian beds are of the age of the 
lower part of the Keuper or Upper Trias ; but whether the Werfen 
sandstone, No. 4., should form part of the same series, or, as Von 
Hauer inclines to believe, should be classed as the equivalent of the 
Bunter or Lower Trias,” is still undetermined. The absence of 
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well-characterized Muschelkalk fossils in the Austrian Alps renders 
this point very difficult to decide. Rich deposits of salt, associated 
with the Werfen beds, have inclined some geologists to presume 
that they belong to the Upper Trias. Should they be classed as 
' Bunter,” the Guttenstein limestone would then correspond in 
position with the Muschelkalk, but no Muschelkalk fossils have ever 
i>een met with in it or in the Werfen. 

Among the 800 species of fossils of the Hallstadt and St. Cassian 
beds, many are still undescribed ; some are of new and peculiar 
genera, as Scoliostoma, fig. 467., and Platystoma, fig. 468., among the 
Gasteropoda ; and Koninckia, fig. 469., among the Brachiopoda. 


Fig. 467. Fig. 468. 



ScoHoitotna, St. Cusiaii. 

Fig. 



Koninckia Lconhardi^ Wiigmann. 

a. dorgal view, natural glxe. 

b. ventral view, part of the converge ventral valve removed to show the interior of 

dorial valve and its vascular linpreigiong. One of the spiral processes is seen 
through the translucent shell. 

c. section of both valves. 

d. interior of dorsal valve, with spiral processes restored. (Suess.) 


The following table of genera of marine shells from the Hallstadt 
and St. Cassian beds, drawn up on the joint authority of MM. Suess 
and Woodward, shows how many connecting links between the 
fauna of primary and secondary rocks are supplied by the St. Cas- 
sian and Hallstadt beds. 
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Genera of FossU MbUtuca in the St. Cauian and ffallitadt Beds. 


Common to Older Roduk 

Cjrtoceras. 

Orthoceras. 

Goniatites. 

•Loxonema. 

•Holopella. 

Mnrcbisonia. 

Euomphalas. 

Porcellia. 

•Megalodon. 

Cyrtia. 


CherecierleUe TrUMic Genenu 
Ceratitea 

^*olio8toma (or Cock- 
Uarid). 

Naticella. 

Platystoma. 

Isoarca. 

Plearophorus. 

Mvophoria. 

Monotis. 

Koninckia. 


Common to Newer Rocki 

Ammonites. 

^Belemnites. 

Opii. 

Cardita. 

Trigonia. 

Myoconchus. 

Ostrea. 1 sp. 
Plicatula. 

Thecidium. 


The genera marked by an asterisk are given on the authority of Mr. Suets, the 
rest on that of Mr. Woodward from fostih of the St. Cassian rocks in the British 


Museum. 


The first column marks the last appearance of several genera 
which are characteristic of Palaeozoic strata. The second shows 
those genera which are characteristic of the Upper Trias, either as 
peculiar to it or as reaching their maximum of development at this 
era. The third column marks the first appearance of genera des- 
tined to become more abundant in later ages. 

As the Orthoceras had never been mot with in the marine Mus- 
chelkalk, much surprise was naturally felt that 7 or 8 species of the 
genus should appear in the Hallstadt beds, assuming these last to 
belong to the Upper Trias. Among these species are some of large 
dimensions, associated with large Ammonites with foliated lobes, a 
form never seen before so low in the series, while the Orthoceras had 
never been seen so high. But the latter genus has also been met 
with in the Adnet, or Lias strata of Austria, as I was assured in 
1856 by several eminent geologists of Germany. 

Professor Ramsay has lately made a careful analysis of the lists 
given by Bronn of 104 genera and 774 species of fossils, derived 
from the St. Cassian beds, of all classes of the animal kingdom, 
nearly the whole of them invertebrata ; and ho has also made an 
analysis of another list of 79 genera and 427 species of fossils from the 
same beds, drawn up by a skilful naturalist, the late Count Miinster. 
The results arrived at in both cases agree very closely, proving 
that somewhat less than one-third of the St. Cassian fossils have 
a primary or palaeozoic, and two-thirds of them a secondary or 
mesozoic character. There would be nothing wonderful or anoma- 
lous in such a result, were it not that the fossils of the Muschelkalk, 
which are supposed to be older than the St. Cassian l)ed8, contain a 
comparatively small proportion of primary types, so that a palmon- 
tologist would naturally presume, says Professor Ramsay, that the 
St. Cassian beds were a stage nearer in time than is the Muschel- 
kalk to the Permian period. Bronn, accordingly, in drawing up 
his catalogue, placed the St. Cassian beds in that position, or as 
intermediate between the Bunter-sandstein and the Upper Per- 
mian, or Zechstein. It must, I think, be admitted that, were we 
not controlled by the decided opinion as to the order of snper- 

FF 2 
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position to which the most able living surveyors of the Austrian 
Alps have come, we should naturally take for granted, when pre- 
sented with such a section as that given at p. 433., that the Muschel- 
kalk, if it had hapjKjned to be present at Ilallstadt, would have over- 
laid the bed No. 3., instead of having to be intercalated between 
Nos. 3. and 4., or even placed below No. 4. 

Whatever ambiguity may still remain in many minds respecting 
the precise chronological relations of the St. Cassian beds, no one 
questions that they are Triassic, and they have entirely dissipated the 
notion formerly entertained as to the marine fauna of the whole 
Triassic era having been poverty-stricken. The St. Cassian fauna, 
moreover, leads us to ex{>ect that, should we hereafter have an oppor- 
tunity of studying the marine fossils of the lowest division of the 
Hunter sandstone, the f»resent break between the Palseozoic and 
Neozoic forms will almost entirely disappear. 

Muschelkalk. 

The next member of the Trias in Germany, the Muschelkalk, which 
underlies the Keuper Vjefore described, consists chiefly of a compact 
greyish limestone, but includes beds of dolomite in many places, 
together with gypsum and rock salt. This limestone, a formation 
wholly unrepresented in England, abounds in fossil shells, as the 
name implies. Among the Cephalopoda there are no belemnites, and 
no ammonites with foliated sutures, os in the lias and oolite as well 
as in the Hallstadt beds ; but we find instead a genus allied to the 
Ammonite, called Cerafites by l)e Haan, in which the descending 
lobes (see a, b, c, fig. 470.) terminate in a few small deuticulations 


it Fig. 470. b c 



Crratitcs nodosMS. Mu&chelkalk. 


a, iid#» view. b. front view. 

partiallj denticulated outline of the septa dividing the chamberi. 

pointing inwards, the saddles being plane. Among the bivalve 
shells, the Posidonia minuta, Goldf. {Kstheria minula^ Bronn), (see 
tig. 471.), is abundant, ranging through the Keuper, Muschelkalk, 
and Bunter-sandstein ; and Avicula socialis (fig. 472.), having a 
similar range, is found in great numbers in the Muschelkalk of Ger- 
many, France, and Poland. 
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Ettkena {Potidomia) mi- 
9utta, Goldf. {Poiuio- 
nomya mmu/a, Brono.) 


a. Avicula iociaiiM, A. tide view of tame. 

CharacterUtlc of the Nutcheikaik. 


The abundance of the beads and Btems of lily eucriuite8,£iicrt/tfi/A 
liliiformis (fig. 473.), (or Encriniies monili/ormi$\ shows the slow 
Fig. 473 . manner in which some beds of this limestone have 
been formed in clear sea-waior. The star-fish 
called Aspidura loricata (fig. 474.) is as yet pe- 
culiar to the Muschelkalk. In the same formation 






Encrinus Ulitformis, Schlott. Syn. E. monUiformu, 
Body, arm*, and part of itein. 

a. lection of item- 
Muschelkalk. 


Aspidura loricata^ Agaii 

a, upper side. 

b. lower side. 
Muschelkalk. 


are found the skull and teeth of a reptile of the genus Placodus (see 
fig. 47o.), which was referred originally by Count Munster, and 



Palatal teeth of Placodiu eistu, 
Muschelkalk. 



a. Voltxia keierophylla. (Syn. i 

brevijofta.) 

b. portion of same maanified to show 

fnjurtiScation. SuTxbad. 
Bunter-sandstelo. 


afterwards by Agassiz, to the class of fishes. But more perfeci 
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Hpecimens enabled Professor Owen, in 1858, to show that this fossil 
animal was a Saurian reptile, which probably fed on shell-bearing 
mollusks, and used its short and flat teeth, so thickly coated with 
enamel, for pounding and crushing the shells.* 

Bunter-sandstein* 

The Bunter-sandstein consists of various-coloured sandstones, 
dolomites, and red clays, with some beds, especially in the Hartz, of 
calcareous pisolite or roe-stone, the whole sometimes attaining a 
thickness of more than 1000 feet. The sandstone of the Vosges, 
according to Von Meyer, is proved, by the presence of Lahyrin* 
ihodon and other fossils, to belong to this lowest member of the 
Triassic group. At Sulzbad (or Soultz-les-bains), near Strasburg, 
on the flanks of the Vosges, many plants have been obtained from 
the “ bunter,” especially conifers of the extinct genus Voliziay 
peculiar to this period, in which even the fructification has been 
preserved. (See fig. 476.) 

Out of thirty species of ferns, cycads, conifers, and other plants, 
(‘numerated by M. Ad. Brongniart, in 1849, as coming from the 
Grfes bigarr^,” or Bunter, not one is common to the Keuper.f 
This difference, however, may arise partly from the fact that the 
flora (»f the ** Bunter ’’ has been almost entirely derived from one 
district (the neighbourhood of Strasburg), and its peculiarities may 
bo local. 

The footprints of a reptile {Labyrinthodon) have been observed 
on the clays of this member of the Trias, near Hildburghausen, in 
Saxony, impressed on the upper surface of the beds, and standing 
out as casts in relief from the under sides of incumbent slabs of 
sandstone. To these I shall again allude in the sequel ; they attest, 
as well as the accompanying ripple-marks, and the cracks which 
traverse the clays, the gradual deposition of the beds of this for- 
mation in shallow water, and sometimes between high and low 
water. 


Triassic Group in England. 

The Trias or New Red series of England is subdivided by Pro- 
fessor Ramsay in the following manner : — 

f Koessen or Penarth beds (Avicula contorta zone). 

Keuper < New Red Marl, with streaks of Sandstone, 
b White and Brown Sandstone and Mar). 

r Upper Variegated Sandstone. 

Bunter < Conglomerate or Pebble beds, 
t Lower Variegated Marble, 

Different members of the above group rest in England, in some 
region or other, on almost every principal member of the palaeozoic 

♦ Owen, Phil, Trans., 1858, p. 169. 
t Tableau des Genres de Veg. Fosa, Diet Univ., 1849. 
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series, on Cambrian, Silurian, DeTonian, Carboniferous, and Per- 
mian rocks, and there is evidence everywhere of disturbance, con- 
tortion, partial upheaval into land, and vast denudations which tlio 
older rocks underwent before and during the deposition of the suc- 
cessive strata of the New Red Sandstone grou|). It was stated 
(p. 417.) that the Lower Lias in the south-west of England con- 
tained near its base strata characterized by Ammonites planorbiSy 
below which beds with many reptilian remains sometimes occur. 

Still lower, on the boundary line l)etween the Li*is and Trias, 
certain cream-coloured limestones, called White Lias by Smith, are 
found usually, but not always, without fossils. These white l)od8 
have lately been referred by Mr. Chas. Moore to what ho calls the 
Rhaptic beds*, because largely developed in the Rh.Ttian Alps, and 
which are the same as the Koessen beds of Germany, No. 1., 
p. 433. The marine organic remains observed in them near Frome, 
in Somersetshire, show that they apjiertain to the highest member 
of the Upper Trias, in which occur the sandstones and shales with 
Avicula contorta (fig. 479.), together witli otlier fossil shells be- 
longing to the same zone in Germany, France, and Lombardy. 
Among the most abundant of the shells in all these countries is the 
above-mentioned Avicula (fig. 479.), and with it Cardium rhaticum 
(fig. 477.) and Pecten Valoniensis (tig. 478.). 


Fig. 477. 



Cnrdtum rhaticum. 

Nnt. size, Lpptruiusi Trias. 


Fig. 478. 



Pccten Valonirmir, Dfr, 
4 nat. sixe. Portrush, 
Ireland, &c. Upper- 
most Trias. 


Fig. 479. 



Avtcnla contorta. Portlork 
Portruih, Ireland, AfC. Nal. 
size. Uppermost TrI.'is. 


The principal member of this group has been called by Dr. 
Wright the Avicula contorta bedf, as this shell is very abundant, 
and has a wide range in Europe. General Portlock first described 
the formation as it occurs at Portrush, in Antrim, where the Avicula 
contorta is accompanied by Pecten ValcniensUy as in (icrmany. 
The beds under consideration, although^ of moderate thickness, arc 
already rich in synonyms, as, besides the German names mentioned 
at page 433. and the Bone-bed series of many geologists, as well as 
the Rhaetic beds of Mr. C. Moore, it has lately been named the 
Penarth beds by the Government surveyors of Great Britain, from 
Penarth, near Cardifif, in Glamorganshire, where these strata are 
finely exhibited in the sea-cliffs. 


* Moore, Rhaetic Beds, Qaart. Geol. Joam., 1861, vol. xvii. 

Dr. Wright, on Lias and Bone-bed, Quart. GeoL Joum., 1860, voL xvi. 


440 FOSSIL TEETH IN NEW EE0 SANDSTONE. [Cb. XXU. 

The best-known member of the groap, a thin band or bone- 
breccia, is conspicuous among the black shales in the neighbourhood 
of Axmouth, in l>evonttbire, and in the cliffs of Weetburj-on-Severn, 
as well as at Aust and other places on the borders of the British 
Channel. It abounds in the remains of saurians and hsh, and was 
formerly classed as the lowest bed of the Lias ; but Sir P. Egerton 
first j)ointed out, in 1841, that it should be referred to the Upper 
New Red Sandstone, because it contained an assemblage of fossil 
fish which are cither f>eculiar to this stratum, or belong to species 
well known in the Muschelkalk of Germany. These fish belong to 
the genera AcroduSy Hybodus, GyrolepiSy and Saurichthys, 

Among those common to the English bone-bed and the Muschel- 
kalk of Gi^rmany are Hyhodus plicatilis (fig. 480.), Saurichthys api- 
calls (fig. 481.), Gyrolepis tenuistriatus (fig. 482.), and G, Albet'tii, 
Remains of saurians, Plesiosaurus among others, have also been 
found in the boue-bed, and plates of an Encrinus. 

Fig.4«l. Fig. 482. 



Saurichthys apicalis. Qyrolepis tenuistriatus. 
Tooth ; nat. sue, ami &ale ; nat. size, and 

magnified. Axmouth. magnified. Axmouch. 

In certain grey indurated marls below the bone-bed, Mr. Dawkins 
found, at Watchett, on the coast of Somersetshire, in 1863, a two- 
fanged molar tooth of a fossil mamiiiifer of the Microlestes family. 
Mr. Chas. Moore had previously discovered twenty-seven teeth of 
mammalia of the same family near Frome, in Somersetshire, in the 
contents of a vertical fissure traversing a mass of carboniferous 
limestone. The top of this fissure must have communicated with 
the bed of the Triassic sea, and probably at a point not far from the 
ancient shore on which the small marsupials of that era abounded. 

The strata of red and green marl, which follow the bone-bed in 
the descending order at Axmouth and Aust, are destitute of organic 
remains : as is the case, for the most part, in the corresponding beds 
in almost every part of England. But fossils have been found at a 
few localities in sandstones of this formation, in Worcestershire and 
Warwickshire, and among them the bivalve shell called Posidonia 
minutay Goldf., before mentioned (fig. 471. p. 437.). 

The member of the English ‘‘ New Red” containing this shell, in 
those parts of England, is, according to Sir Roderick Murchison 
and Mr. Strickland, 600 feet thick, and consists chiefly of red marl 
or slate, with a band of sandstone. Ichthjodorulites, or spines of 
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HybodtiSy teeth of hshcs, and footprint of reptiles were observed by 
the same geologists in these strata ; * and the remains of a saurian, 
called RhynchosaurttSy have been found in this portion of the Triaw 
at Grinseil, near Shrewsbury. 

In Cheshire and Lancashire the gypseous and saliferous red shales 
and clays of the Trias are between 1000 and 1500 feet thick. In 
some places lenticular masses of rock-salt are interpolated between 
the argillaceous beds, the origin of which will be spoken of in the 
se<]uel. 

The lower division or English representative of the ‘‘Bunter” 
attains a thickness of 600 feet in the counties last mentioned. Be- 
sides red and green shales and red sandstones, it comprises much 
soft white quartzose sandstone, in which the trunks of silicified trees 
have been met with at Allesley Hill, near Coventry. Several of 
them were a foot and a half in diameter, and some yards in lengtli, 
decidedly of coniferous wood, and showing rings of annual growth. f 
Impressions, also, of the footsteps of animals have b(‘en detected in 
Lancashire and Cheshire in this formation. Some of the most re- 
markable occur a few miles from LiveriM)ol, in the whitish quartzose 
sandstone of Storton Hill, on the west side of the Mersey. They 
bear a close resemblance to tracks first observed in a member of the 
Ujiper New Red Sandstone, at the village of Ilcsseberg, near llild- 
burghausen. in Saxony, to which I have already alluded. For many 
years these footprints have been referred to 
a large unknown quadruped, provisionally 
named Cheirotherium by Professor Kau]>, 
because the marks both of the fore and hind 
feet resembled imjiressions made by a human 
hand. (See fig. 483.) The footmarks at 
liesseberg are partly concave, and partly in 
relief ; the former, or the depressions, are 
seen upon the upper surface of the sandstone 
slabs, but those in relief are only upon the 
lower surfaces, being in fact natural casts, 
formed in the subjacent footprints as in 
moulds. The larger impressions, which seem * nc-eighUi of nat 

to be those of the hind foot, are generally 
8 inches in length, and 5 in width, and one was 12 inches long. 
Near each large footstep, and at a regular distance (about au inch 



Fig. 481. 


Line of footstepf on slab of tandstone. Hildburghaufcn, in Saxony, 


• Geol. Trans., Second Ser.,voL V. p. p. 439.; and Murchison and Strick- 
318., See. land, GeoL Trans., Second Scr., vol. t. 

f Buckland, Proc. GeoL Soc., voL ii. p. 347. 
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and a half), before it, a Bmaller print of a fore foot, 4 inches long and 
3 inches wide, occurs. The footsteps follow each other in pairs, each 
pair in the same line, at intervals of 14 inches from pair to pair. 
Tlie large as well as the small steps show the great toes alternately 
on the right and left side ; each step makes the print of five toes, 
the first or great toe being bent inwards like a thumb. Though the 
fore and hind foot differ so much in size, they are nearly similar in 
form. 

The similar footmarks afterwards observed in a rock of corre- 
sponding age at Storton Hill were imprinted on five thin beds of clay, 
superimposed one upon the other in the same quarry, and separated 
hy Wds of sandstone. On the lower surface of the sandstone strata, 
the solid casts of each impression are salient, in high relief, and 
afford models of the feet, toes, and claws of the animals which trod 
on the clay. On the same surfaces Mr. J. Cunningham discovered 
(1839) distinct casts of rain-drop markings. 

As neither in Germany nor in England any bones or teeth had 
been met with in the same identical strata as the footsteps, anato- 
mists indulged, for several years, in various conjectures respecting 
the mysterious animals from which they might have been derived. 
Professor Kaup suggested that the unknown quadruped might have 
been allied to the Marsupinlia ; for in the kangaroo the first toe of 
the fore foot is in a similar manner set obliquely to the others, like a 
thumb, and the disproportion between the fore and hind feet is also 
very groat. But M. Link conceived that some of the four species of 
animals of which the tracks had been found in Saxony might have 
been gigantic Datrachinns ; and Dr. Buckland designated some of 
the footste]»s as those of a small web-footed animal, probably croco- 
dilian. 

In the course of these discussions several naturalists of Liverpool, 
in their report on the Storton quarries, declared their opinion that 
each of the thin seams of clay in which the sandstone casts were 
moulded had formed successively a surface above water, over which 
the Cheirotherium and other animals walked, leaving impressions of 
their footsteps, and that each layer had been afterwards submerged 
by a sinking down of the surface, so that a new beach was formed at 
low water above the former, on which other tracks were then made. 
The repeated occurrence of ripple-marks at various heights and 
depths in the red sandstone of Cheshire had been explained in the 
same manner. It was also remarked that impressions of such depth 
and clearness could only have been made by animals walking on the 
land, as their weight would have been insufficient to make them sink 
so deeply in yielding clay under water. They must, therefore, have 
been air-breathers. 

When the inquiry had been brought to this point, the reptilian 
remains discovered in the Trias, both of Germany and England, were 
carefully examined by Prof. Owen. He found, after a microscopic 
investigation of the teeth from the German sandstone called Keuper, 
and from the sandstone of Warwick and Leamington (fig. 485.), 
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that neither of them could be referred to true sauriana, alUmugh they 
had been named Mastodonsaurus and Phytomurm 
by Jiiger. It appeared that they were of the Ba* 
trackian order, and of gigantic dimensions in com- 
parison with any representatives of that order now 
living. Both the Continental and English fossil 
teeth exhibited a most complicated texture, differ- 
ing from that previously observed in any reptile, 
whether recent or extinct, but most nearly ana- Tooth of 
logons to the Icklhyosaurtis^ A section of one of •iud/tont. 
these teeth exhibits a series of irregular folds, re- 
sembling the labyrinthic windings of the surface of the brain ; and 
from this character Prof. Owen has projKised the name Labyriniho^ 
don for the new genus. The annexed representation (fig. 486.) of 
part of one is given from his “ ( Idontography,*’ plate 64 A. The 
entire length of this tooth is supposed to have been about three 
inches and a half, and the breadth at the base one inch and a half. 



Fig. 48C. 



Traniverte section of tooth of Lahyrinthodon Jacgm\ Owen {Ma$todon$aurut Jargon, 
Meyer) ; nai. size, and a aegment tnagnlfled. 

a. pulp cavity, from which the proceisei of pulp and dentine radiate. 

When Prof, Owen had satisfied himself, from an inspection of the 
cranium, jaws, and teeth, that a gigantic Batrachian had existed at 
the period of the Trias or Upper New Red Sandstone, he soon found, 
from the examination of various bones derived from the same forma- 
tion, that he could define three species of Lahyrinthodon^ and that in 
this genus the hind extremities were much larger than the anterior 
ones. This circumstance, coupled with the fact of the Lahyrinthodon 
having existed at the period when the Cheirotherian footsteps were 
made, was the first step towards the identification of those tracks 
with the newly discovered Batrachian. It was at the same time 
observed that the footmarks of Cheirotherium were more like those 
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of toads than of any other living animal ; and^ lastly, that the size of 
the three species of Labyrinthodon corresponded with the size of 
three different kinds of footprints which had already been supjwsed 
to belong to three distinct Cheiroiheria, It was moreover inferred, 
with confidence, that the Labyrinthodon was an air-breathing reptile 
from the structure of the nasal cavity, in which the posterior outlets 
were at the hack part of the mouth, instead of being directly under 
the anterior or external nostrils. It must have respired air after the 
manner of saurians, and may therefore have imprinted on the shore 
those footsteps, which, as we have seen, could not have originated 
from an animal walking underwater. 

But the structure of the foot is still wanting, and a more con- 
nected and complete skeleton is required for demonstration ; for the 
circumstantial evidence above stated is not strong enough to produce 
in the minds of some eminent anatomists the conviction that the 
Cheirotherium and Labyrinthodon are one and the same. 

Dolomitic Conglomerate of Bristol, — Near Bristol, in Somerset- 
shire, and in other counties bordering the Severn, are certain 
strata which rest unconformably upon the coal-measures, and consist 
of a conglomerate called “ dolomitic,” because the pebbles of older 
rocks contained in it are cemented together by a red or yellow base 
of dolomite. This conglomerate or breccia occurs in patches over 
the downs near Bristol, and upon the flanks of the hills, Ailing up 
hollows and irregularities in the Old Red Sandstone, Millstone Grit, 
and Mountain Limestone. The embedded fragments are both 
rounded and angular, and some of them of vast size, especially those 
of millstone grit, weighing nearly a ton. It is principally com- 
])osed, at every spot of the debris, of those rocks on which it im- 
mediately rests. At one point wo find pieces of coal-shale, in 
another of mountain limestone, recognizable by its peculiar shells and 
zoophytes. Fractured bones, also, and teeth of saurians of contem- 
poraneous origin, are dispersed through some parts of the breccia. 

Tiiese saurians are distinguished by having the teeth implanted 
deeply in the jaw-bone, and in distinct sockets, instead of being 
soldered, as in frogs, to a simple alveolar parapet. In the dolomitic 


Teeth of Saurians. Dolomitic conglomerate; Redland, near Bristol. 
Fig. 487. Fig. m. 



Tooth of Pai^saunu 
oat. sixe. 



Tooth of Thccodoniosanrvs ; 
3 tinaei magnified. 


conglomerate near Bristol the remains of species of two genera 
have been found, called Thecodontosaurus and PaleBOsaurus by Dr. 
Riley and Mr, Stutchbury ; * the teeth of which are conical, com- 
pressed, and with finely serrated edges (figs. 487. and 488.). 

* GeoL Trans., Second Series, voL v. p. 349., PI. 29. figs. 2 and 5. 
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Messrs. Conybeare and Back land referred the strata containing 
these saurians to the period of the magnesian limestone, or the 
lowest part of their Poikilitic series, and for a long time these reptiles 
ranked as the most ancient representatives of their class which had 
been found in any British rocks ; but Sir H. De la Beche aftei'wards 
pointed out that, in consequence of the isolated positi*>n of the 
breccia containing the fossils in question, it was very difhcult to 
determine to what precise part of the Poikilitic series they be- 
longed.* More lately, our Government surveyors have satisfnnl 
themselves that the breccia is of Triassic date, pi'obably referable 
to the base of the Koujkt. 

Origin of Red Sandstone and Rock Salt. 

We have seen that, in various parts of the world, red and mottled 
clays and sandstones, of several distinct geological epochs, are 
found associated with salt, gypsum, magnesian limestone, or with 
one or all of these substances. There is, therefore, in all likelihood, 
a general cause for such a coincidence. Nevertheless, wc must not 
forgot that there are dense masses of red and variegated sandslon(‘8 
and clays, thousands of feet in thickness, and of vast horizontal ex- 
tent, wholly devoid of saliferous or gypseous matter. There are al^o 
deposits of gypsum and of muriate of soda, as in the blin^ clay forma- 
tion of Sicily, without any accompanying red sandstone or red clay. 

To account for deposits of red mud and red sand, we have simply 
to suppose the disintegration of ordinary crystalline or metamorphic 
schists. Thus, in the eastern Grampians of Scotland, in the north 
of Forfarshire, for example, the mountains of gneiss, mica-schist, 
and clay-slate are overspread with alluvium, derived from the disiii- 
t^graiion of those rocks ; and the mass of detritus i.s stained by 
oxide of iron, of precisely tlie same colour as the Old Ked Sand- 
stone of the adjoining lowlands. Now this alluvium merely requires 
to be swept down to the sea, or into a lake, to form strata of red 
sandstone and red marl, precisedy like tlie mass of the “ Old 
Red ” or “ New Red ” systems of England, or tho»e tertiary dej>osits 
of Auvergne (see p. 221.), before described, which are in litho- 
logical characters quite undistinguishable. The pebbles of gij(d>s 
in the Eocene red sandstone of Auvergne point clearly to the rocks 
from which it has been derived. The red colouring matter may, 
as in the Grampians, have been furnished by the decomposition of 
hornblende or mica, which contain oxide of iron in large quantity. 

It is a general fact, and one not yet accounted for, that scarcely 
any fossil remains are preserved in stratified rocks in which this 
oxide of iron abounds ; and when we find fossils in the New or Old 
Red Sandstone in England, it is in the grey, and usually calcareous 
beds, that they occur. 

The gypsum and saline matter, occasionally in terst ratified with 
such red clays and sandstones of various ages, primary, secondary, 

* Memoirs of Geol. Survey of Great Britain, voL i. p, 2 ft 8 . 



446 


OEIGIN OF BOCK 6ALT. 


[Ch, XKIL 


and tertiary, have been thought by some geologists to be of volcanic 
origin. Submarine and subaerial exhalations often occur in regions 
of earthquakes and volcanoes far from points of actual eruption, and 
charged with sulphur, sulphuric salts, and with common salt or 
muriate of soda. In a word, such “ solfataras ^ are vents by which 
all the products which issue in a state of sublimation from the craters 
of active volcanoes obtain a passage from the interior of the earth 
to the surface. That such gaseous emanations and mineral springs, 
impregnated with the ingredients before enumerated, and often in- 
tensely heated, continue to flow out unaltered in composition and 
temperature for ages, is well known. But before we can decide on 
their real instrumentality in producing in the course of ages beds 
of gypsum, salt, and dolomite, we require to know more respecting 
the chemical changes actually in progress in seas where volcanic 
agency is at work. 

The origin of rock salt, however, is a problem of so much interest 
in theoretical geology as to demand the discussion of another hypo- 
thesis advanced on the subject ; namely, that which attributes the 
precipitation of the salt to evaporation, whether of inland lakes or 
of lagoons communicating with the ocean. 

At North wich, in Cheshire, in the Upper Trias or Keuper, two 
bods of salt, in great part unmixed with earthy matter, attain the 
extraordinary thickness of 90 and even 100 feet. The upper 
surface of the highest bed is very uneven, forming cones and irre- 
gular figures. Between the two masses there intervenes a bed of 
indurated clay, traversed with veins of salt. The highest bed thins 
off towards the south-west, losing 15 feet in thickness in the course 
of a mile.* The horizontal extent of these particular masses in 
Cheshire and Lancashire is not exactly known ; but the area, con- 
taining saliferous clays and sandstones, is supposed to exceed 150 
miles in diameter, while the total thickness of the trias in the same 
region is estimated by Mr. Ormerod at more than 1700 feet. Ripple- 
marked sandstones, and the footprints of animals, before described, 
are observed at so many levels that we may safely assume the 
whole area to have undergone a slow and gradual depression during 
the formation of the Red Sandstone. The evidence of such a move- 
ment, wholly independent of the presence of salt itself, is very im- 
portant in reference to the theory under consideration. 

In the “ Principles of Geology ” (chap, xxvii.), I published a map, 
furnished to me by the late Sir Alexander Burnes, of that singular 
flat region called the Runn of Cutch, near the delta of the Indus, 
which is 7000 square miles in area, or equal in extent to about one- 
fourth of Ireland. It is neither land nor sea, but is dry during a 
part of every year, and again covered by salt water during the 
monsoons. Some parts of it are liable, after long intervals, to be 
overflowed by river-water. Its surface supports no grass, but is 

* Ormerod, Quart Geol. Joum., 1848, vol. iv. p. 277. 
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encrusted over, here and there, by a layer of salt, about an inch 
in depth, caused by the evaporation of sea-water. Certain tracts 
have been converted into dry land by upheaval during earthquakes 
since the commencement of the present century, and, in other direc- 
tions, the boundaries of the Runn have been enlarged by subsidence. 
That successive layers of salt might be thrown down, one upon the 
other, over thousands of square miles, in such a region, is undeniable. 
The supply of brine from the ocean would be as inexhaustible as 
the supply of heat from the sun to cause evaporation. The only 
assumption required to enable us to explain a great thickness of 
salt in such an area is, the continuance, for an indefinite period, of 
a subsiding movement, the country preserving all the time a general 
approach to horizontality. Pure salt could only be formed in the 
central parts of basins, where no sand could bo drifted by the wind, 
or sediment be brought by currents. Should the sinking of the 
ground be accelerated, so as to let in the sea freely, and deepen the 
water, a temporary suspension of the precipitation of salt would bo 
the only result. On the other hand, if the area should dry up, 
ripple-marked sands and the footprints of animals might be formed, 
where salt had previously accumulated. According to this view, the 
thickness of the salt, as well as of the accompanying beds of mud 
and sand, becomes a mere question of time, or requires simply a re- 
petition of similar operations. 

Mr. Hugh Miller, in an able discussion of this question, refers to 
Dr. Frederick Parrot’s account, in his journey to Ararat (1836), of 
the salt lakes of Asia. In several of these lakes west of the river 
Manech, “the water, during the hottest season of the year, is 
covered on its surface with a crust of salt nearly an inch thick, 
which is collected with shovels into boats. The crystallization of 
the salt is effected by rapid evaporation from the sun’s heat and the 
supersaturation of the water with muriate of soda; the lake being 
so shallow that the little boats trail on the bottom and leave a furrow 
behind them, so that the lake must be regarded as a wide pan of 
enormous superficial extent, in which the brine can easily reach the 
degree of concentration required.” 

Another traveller. Major Harris, in his “ Highlands of Ethiopia,” 
describes a salt lake, called the Bahr Assal, near the Abyssinian 
frontier, which once formed the prolongation of the Gulf of Tadjara, 
but was afterwards cut off from the gulf by a broad bar of lava or 
of land upraised by an earthquake. “ Fed by no rivers, and exposed 
in a burning climate to the unmitigated rays of the sun, it has 
shrunk into an elliptical basin, seven miles in its transverse axis, 
half filled with smooth water of the deepest cierulean hue, and half 
with a solid sheet of glittering snow-white salt, the offspring of 
evaporation.”* ‘‘If/’ says Mr. Hugh Miller, “we sup[>08e, instead of 
a barrier of lava, that sand-bars were raised by the surt on a flat 
arenaceous coast during a slow and equable sinking of the surface, 
the waters of the outer gulf might occasionally topple over the bar, 
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and supply fresh brine when the first stock had been exhausted by 
evaporation.” • 

We may add that the permanent impregnation of the waters of 
a large shallow basin with salt, beyond the proportion which is usual 
in the ocean, would cause it to be uninhabitable by mollusks or fish, 
as is the case in the Dead Sea, and the muriate of soda might 
remain in cxcchh, even though it were occasionally replenished by 
irruptions of the sea. Should the saline deposit be eventually sub- 
merged, it rnigiit, as we have seen from the example of the Runn of 
Cutch, be covered by a freshwater formation containing fluviatile 
organic remains ; and in this way the apparent anomaly of beds of 
sea-Halt and clays devoid of marine fossils, alternating with others 
of freshwater origin, may be explained. 

Dr. 6. Buist, in a communication to the Bombay Geographical 
Society (vol. ix.), has asked how it happens that the Red Sea should 
not exceed the open ocean in saltness by more than y^^h per cent. 
The Red Sea receives no supply of water from any quarter save 
through the vStraits of Babelraandeb ; and there is not a single river 
or rivulet flowing into it from a circuit of 4000 miles of shore. The 
countries around are all excessively sterile and arid, and composed, 
for the most part, of burning deserts. From the ascertained eva- 
poration in the sea itself, Dr. Buist computes that nearly 8 feet 
of pure water must be carried off from the whole of its surface 
annually, this being probably equivalent to y^j^yth part of its w^hole 
volume. The Red Sea, therefore, ought to have 1 per cent, added 
annually to its saline contents ; and as these constitute 4 per cent, 
by weighty or 2^ per cent, in volume of its entire mass, it ought, 
assuming tlie average depth to be 800 feet, which is supposed to 
be far beyond the truth, to have been converted into one solid salt 
formation in less than tKXX) years.f Does the Red Sea receive 
a supply of water from the ocean, through the narrow Straits of 
Babelmaiideh, suflicient to balance the loss by evaporation ? And 
is there an undercurrent of heavier saline water annually flowing 
outwards ? If not, in what manner is the excess of salt disposed 
of ? An investigation of this subject by our nautical surveyors may 
perhaps aid the geologist in framing a true theory of the origin of 
rock-salt. 


Trias of the United StcUes, 

Coal-field of Richmond^ Virginia , — There are large tracts on the 
globe, as in Russia and the Atlantic border of the United States, 
where all the members of the oolitic series are unrepresented. In 
the State of Virginia, at the distance of about 13 miles eastward of 
Richmond, the capital of that State, there is a regular coal-fleld 
occurring in a depression of the granite rocks (see section, fig. 489.). 
It extends 26 miles from north to south, and from 4 to 12 from east 

* Hugh Miller, First Impressions of f Buist, Trans, of Bombay Gloograpb. 
England, 1847, pp. 183, 214. Soc., 1850, vol. ix. p 38. 



Cfc XXIL] TBIAS or THB UKITED STATES. 


449 


Fit.M. 



S«ction showing the groiogiatl potiliou of tho Juinet River, or Eftit Virginian 
A. Oranite, gneiss, ftc. B. Co«l*in»aaurea. 

C. TertUirjr itrau. D. Drift or mmcmit aUuvimm. 


to west. Professor W. B. Borers formerly referred these strata to 
the lower part of the Jurassic group ; and this opinion I adopted iii 
former editions of this work, after collecting a large number of fossil 
plants, fish, and shells, and examining the coal-field throughout its 
whole area. The plants consist chiefly of zamites, calami tes, equiseta, 
and ferns. The equiseta are very commonly met with in a vertical 
position more or less compressed perpendicularly. It is clear that 
they grew in the places where they are now buried in strata of 
hardened sand and mud. I found them maintaining their erect atti- 
tude, at points many miles distant from others, in beds both above 
and between the seams of coal. In order to explain this fact we 
must suppose such shales and sandstones to have been gradually 
accumulated during the slow and repeated subsidence of the whole 
region. 

It is worthy of remark that the Equisetwn columnare of these 
Virginian rocks appears to be undistinguishable from the species 
found in the oolitic sandstones near Whitby in Yorkshire, where it 
also is met with in an upright position. One of the Virginian fossil 
ferns, Pecopteris Whitbyensig, is also a species which has been con- 
sidered as common to the Yorkshire oolites, although Professor Heer 
doubts its identity,* 

But the plants upon the whole are considered by Professor Ileer 
to have the nearest affinity to those of the European Keuper. When 
Sir Charles Bunbury compared them in 1847 to the fossil plants cf 
Neueweld near Basle, and of other plant-bearing rocks near Baircuth, 
he supposed, as Unger had done before him, that those localities 
were Liassic, whereas geologists afterwards determined them to be 
of Upper Tria^sic date. 

The fossil fish are Ganoids, some of them of the genus Catopterug^ 
others belonging to the liassic genus Tetragonolepis {jEchrnodug)^ 
see fig. 452. p. 418. Fossil mollusca are very rare, as usually in ail 
coal-bearing deposits, but two species of Entomostraca called 
Egtheria are in such profusion in some shaly beds as to divide them 
like the plates of mica in micaceous shales (see fig. 490.). 

♦ See description of the coal-field by Bunbury, E.«q. , Quart. Geol Joum., rol. 
the Author, and of the Plants by C. J. F. ii*. p. 1. ^ 
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TbeiBe Virginian coal-meaBures are composed of grits, sandstones, 
and shales, exactly resembling those of older or primary date in 

Tig, 490. 



a. Ettheria ovnta. b. younfl; of name. 

Oolitic coaUihale, Richmond, Virginia. 


America and Europe, and they rival or even surpass the latter in 
the richness and thickness of the coal-seams. One of these, the maiti 
seam, is in some places from 30 to 40 feet thick, composed of pure 
bituminous coal. On descending a shaft 800 feet deep, in the 
Blackheath mines in Chesterfield County, I found myself in a 
chamber more than 40 feet high, caused by the removal of this coal. 
Timber props of great strength supported the roof, but they were 
seen to bend under the incumbent weight. The coal is like the 
finest kinds shipped at Newcastle, and when analysed yields the 
same proportions of carbon and hydrogen — a fact worthy of notice 
when we consider that this fuel has been derived from an assemblage 
of plants very distinct specifically, and in part generically, from 
those which have contributed to the formation of the ancient or 
palmozoic coal. 

New Red Sandstone of the Valley of the Connecticut River , — In 
a depression of the granitic or hypogene rocks in the States of 
Massachusetts and Connecticut, strata of red sandstone, shale, and 
conglomerate are found, occupying an area more than 150 miles in 
length from north to south, and about 5 to 10 miles in breadth, the 
beds dipping to the eastward at angles varying froift 5 to 50 degrees. 
The extreme inclination of 50 degrees is rare, and only observed in 
the neighbourhood of masses of trap which have been intruded into 
the red sandstone while it was forming, or before the newer parts of 
the deposit had been completed. Having examined this series of 
rocks in many places, I feel satisfied that they were formed in shallow 
water, and for the most part near the shore, and that some of the 
beds were from time to time raised above the level of the water, and 
laid dry, while a newer series, composed of similar sediment, was 
forming. The red flags of thin-bedded sandstone are often ripple- 
marked, and exhibit on their under-sides casts of cracks formed in 
the underlying red and green shales. These last must have shrunk 
by drying before the sand Avas spread over them. On some shales 
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of the finest texture impressions of roin^dropsmaybe seen, and easts 
of them in the incum^nt argillaceous sandstones. Having ob- 
served similar markings produced by showers, of which the precise 
date was known, on the recent red mud of the Bay of Fundy, and 
casts in relief of the same on layers of dried mud thrown down by 
subsequent tides*, I feel no doubt in regard to tlie origin of some of 
the ancient Connecticut impressions. I have also setni on the mud- 
flats of the Bay of Fundy the footmarks of birds ( Tringa minuta)^ 
which daily run along the borders of that estuAry at low water 
and which I have de8cril>ed in my travels.f Similar layers of red 
mud, now hardened and compressed into shale, are laid open on the 
V>auks of the Connecticut, and retain faithfully the impressions and 
casts of the feet of numerous birds and reptiles which walked over 
them at the time when they were dtq>osited, probably in the Triassic 
period. 

According to Professor Hitchcock, the footprints of no less than 
thirty-two species of bipeds, and twelve of quadruf)eds, have been 
already detected in these rocks. Thirty of these are believed to be 
those of birds, four of lizards, two of chelonians, and six of batra- 
chians. The tracks have been found in more than twenty places, 
scattered through an extent of nearly 80 miles from north to south, 
and they are rej>eated through a succession of beds attaining at 
some points a thickness of more than 1000 feet, which may have 
been thousands of years in forming.l 

As considerable scepticism is naturally eutertained in regard to 
the nature of the evidence derived from footprints, it may be well 
to enumerate some facts respecting them on wdiich the faith of the 
geologist may rest. When I visited the United States in 1842, more 
than 2000 impressions had been observed by Professor Hitchcock, 
in the district alluded to, and all of them were indented on the 
upper surface of the layers, while the corresponding casts, standing 
out in relief, were always on the lower surfaces or planes of the 
strata. If we follow a single line of marks we find them uniform 
in size, and nearly uniform in distance from each other, the toes of 
two successive footprints turning alternately right and left (see fig. 
491.). Such single lines indicate a biped ; and there is generally 
such a deviation from a straight line in any three successive prints, 
as we remark in the tracks left by birds. There is also a striking 
relation between the distance separating two footprints in one series, 
and the size of the impressions ; in other words, an obvious profmr- 
tion between the length of the stride and the dimension of the 
creature which walked over the mud. If the marks are small, they 
may be half an inch asunder ; if gigantic, as, for example, where 
the toes are 20 inches long, they are occasionally 4 feet and a half 

* Principle* of Geology, 9th ed., p. \ Hitchcock, of Amer. Acad., 

2 q 3 New Series, voi. lii. p, 129., 1848. 

f Travels in N. America, vol. ii p. 1 68. 
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apart. The bipedal impressions are for the most part trifid, and 
show the same number of joints as exist in the feet of living tridac- 
tylous birds. Now, such birds have three phalangeal bones for the 
inner toe, four for the middle, and five for the outer 
Fig. 49L one (see fig. 491.) ; but the impression of the ter- 
iiiiual joint is that of the nail only. The fossil foot- 
prints exhibit regularly, where the joints are seen, 
ih(j same number ; and we see in each continuous 
line of tracks the three-jointed and five-jointed toes 
placed hlternately outwards, first on the one side and 
then on the other. In some specimens, besides im- 
pressions of the three toes in front, the imdimeut is 
seen of the fourth toe behind. It is not often that 
the matrix has been fine enough to retain impressions 
of the integument or skin of the foot ; but in one 
fine specimen found at Turner’s Falls on the Connec- 
ticut, by Dr. Deane, these markings are well pre- 
served, and have been recognized by Professor Owen 
as resembling the skin of the ostrich, and not that of 
reptiles.* Much can^ is required to ascertain the 
])recise layer of a laminated rock on which an animal 
has walked, because the impression usually extends 
downwards through several lamince ; and if the 
up})er layer originally trodden upon is wanting, the 
mark of one or more joints, or even in some cases an 
entire toe, which sank less deep into the soft ground, 
may di>a{^ear, and yet the remainder of the footprint 
be well defined. 

^funiorTrilus vh^' sevcral of the fossil impressions of the 

ley of the Connec- Coiiiiecticut icd saiidstone so far exceeds that of any 

ticot. (See Dr. . . . i 

Deane, Mem. of living osti’icli, that naturalists at first were extremely 
tv. 1M49.) ’’ * adverse to the opinion of their having been made by 

birds, until the bones and almost entire skeleton of 
the Ditwrnis and of other feathered giants of New Zealand were 
discovered. Their dimensions Iiave at least destroyed the force of 
this particular objection. The magnitude of the impressions of the 
feet of a heavy animal, which has walked on soft mud, increases for 
some distance below the surface originally trodden upon. In order, 
therefore, to guard against exaggeration, the casts rather than the 
mould arc relied on. These casts show that some of the fossil bipeds 
had feet four times as large as the ostrich, but not perhaps much 
larger than the Dinornis. 

The eggs of another gigantic bird, called JEpiorniSy which has 
probably been exterminated by man, have recently been discovered 
in an alluvial deposit in Madagascar. The egg has six times the 

* This specimen was in the late small and the largest of the Connecticut 
Dr. Maiiicll’s museum, and indicated a species, 
bird of a size intermediate between the 
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capacity of that of the ostrich ; but, judging from the lai^e site of 
the egg of the Apier^x^ Profei^r Owen does not believe that the 
jEpiorniM exceeded, if indeed it equalled, the Dinomis in stature. 

Among'thc supposed bipedal tracks, a single distinct animal only 
has been observed of feet in which there are four toes directed for- 
wards, In this case a series of four footprints is seen, each 22 
inches long and 12 wide, with joints much resembling those in th<‘ 
toes of birds. Professor Agassiz has suggested that it might have 
belonged to a gigantic bipedal batrachian. Other naturalists have 
calle<l our attention to the fact, that some quadruped^ when walk- 
ing, place the hind foot so precisely on tlie spot just quitted by the 
lore foot, as to produce a single line of imprints, like those of a 
biped ; and Mr, Waterhouse Hawkins has remarked that certain 
species of frogs and lizards in Australia have tiu* two outer toes 
so slightly developed and so much raised that they might leave 
tridactylous footprints on mud and sand. Another osteologist, Dr. 
I.a?idy, in tlie United States, observed to me that the pt(*rodactyl 
WHS a bipedal reptile approaching the bird so nearly in the structure 
and shape of its wing-bones and tibice, that sonic of these last, 
obtained from the Chalk and Wealden in England, had been mis- 
taken by the highest autliorities for true birds’ bones. May not the 
foot, therefore, of a pterodactyl have equally resembled that of a 
bird ? Be this as it may, the greater number of the American 
impressions agree so precisely in form and size with the foot- 
marks of known living birds, especially with those of waders, that 
we shall act most in accordance with known analogies by referring 
most of them at present to feathered, j-ather than to featherless 
bipeds. 

No bones have as yet been met with, whether of pterodactyl or 
bird, in the rocks of the Connecticut, but tliere are numerous copro- 
lites ; and an ingenious argument has been derived by Dr. Dana 
irom the analysis of these bodies, and the proportion they contain of 
uric acid, phosphate of lime, carbonate of lime, and organic matter, 
to show that, like guano, they are the droppings of birds rather than 
of reptiles. 

Some of the quadrupedal footprints which accompany those of 
birds are analogous to European Cheirotheria^ and with a similar 
disproportion between tlie hind and fore feet. Others resemble that 
remarkable reptile, the Rhynchosaurus of the Englisli Trias, a crea- 
ture having some relation in its osteology both to chelouians and 
birds. Other imprints, again, are like those of turtles. 

Mr. Darwin, in his “Journal of a Voyage in the Beagle,” informs 
us that the “ South American ostriches, although they live on vege- 
table matter, such as roots and grass, are repeatedly seen at Bahia 
Blanca (lat. 39® S.), on the coast of Buenos Ayres, coming down at 
low water to the extensive rand-banks which are then dry, for the 
sake, as the Guachos say, of feeding on small fish.” They readily 
take to the water, and have been seen at the Bay of San Bias, and 
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at Port Valde*, in Patagonia, swimming from island to island.* It 
is therefore evident, that in our times a South American mud-bank 
might be trodden simultaneously by ostriches, alligators, tortoises, 
and frogs ; and the impressions left, in the nineteenth century, by 
the feet of these various tril>es of animals, would not differ from 
each other more entirely than do those attributed to birds, saurians, 
chelonians, and batrachians in the rocks of the Connecticut. 

To determine the exact age of the red sandstone and shale con- 
taining these ancient footprints in the United States, is not possible 
at present. No fossil shells have yet been found in the deposit, nor 
plants in a determinable state. The fossil fish are numerous and 
very perfect ; but they are of a peculiar ty]>e, which was originally 
referred to the genus PalcRonUcus, but has since, with propriety, 
been ascribed, by Sir Philip Egerton, to a new genus. To this he 
has given the name of hchypterm^ from the great size and strength 
of the fulcral rays of the dorsal fin (from strength, and irrepo'^ 

a fin). They differ from Palaoniscus, as Mr. Redfield first pointed 
out, by having the vertebral column prolonged to a more limited ex- 
tent iuto the upper lobe of the tail, or, in the language of M. Agassi/, 
they are less heterocercal. The teeth also, according to Sir P. 
Egerton, who, in 1844, examined for me a fine series of specimens 
which I procured at Durham, Connecticut, differ from those of PalcBo - 
niscus in being strong and conical. 

That the sandstones containing these fish are of older date than 
the coal-l)earing strata near Richmond in Virginia, which have 
been shown (p, 449.) to be about the age of the European Keuper, 
is probable. The high antiquity of the Connecticut beds cannot 
be proved by direct superposition, but may be presumed from the 
general structure of the country. That structure proves them 
to be newer than the movements to which the Appalachian or 
Alleghany chain owes its flexures, and this clmin includes the an- 
cient or palaeozoic coal -formation among its contorted rocks. The 
unconformable position of this New Red with ornithichnites on 
the edges of the inclined primary or palaeozoic rocks of the Ap- 
palachians is seen at 4. of the section, fig. 552. p. 494. The ab- 
sence of fish with decidedly heterocercal tails may afford an argu- 
ment against the Permian ago of the formation ; and the opinion 
that the red sandstone is triassic seems, on the whole, the best that 
we can embrace in the present state of our knowledge. 

In North Carolina, the late Professor Emmons has described the 
strata of the Chatbam coal-field, which correspond in age to those near 
Richmond in Virginia. In beds underlying them he has met with 
three jaws of a small insectivorous mammal, which he has called 
Dromatherium sylvestre, closely allied to Spalacotherium, Its nearest 
living analogue, says Professor Owen, is found in Myrmecobius ; 
for each ramus of the lower jaw contained ten small molars in a 

* Joum. l of Voyage of Beagle, &c., 2nd edit., p. 89., 1845 
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continuous series, one canine, and three conical ineisors-^the latter 
being divided by short intervals/* There is every reason to believe 
that this fossil quadruped is at least as ancient as the Microlestes of 
the European Trias above described ; and the fact, as I have already 
remarked, p, 387., is highly important, as proving tliat a certain low 
grade of marsupials had not only a wide range in time fi'om the 
Trias to the Purbeck or uppermost oolitic strata of Europe, but hud 
also a wide range in space, namely, from Euro}>e to North America, 
in an east and west direction, and, in regard to latitude, from Stones- 
field, in 52® N., to that of North Carolinu, 35® N. 
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CHAPTER XXIII. 


PERMIAN OR MAGNESIAN LIMESTONE GROUP. 


Fi)i»silg of Ma^nCHian Limestone and Uower New Red distinct from the Triawic — 
T'crm Perminn — Knglish and German equivalents — Marine shells and corals of 
Knglihh Magnesian Limestone — PaIa:onit>cas and other tish of the marl-slate — 
Zechstein and Rothlicgendes of Thutingia — Perniian Flora> 7 lts generic affinity 
to the Carboniferous — Psarouites or tree-ferns. 


When the use of the term “ Poikilitic ” was explained in the last 
chapter, I stated, that in some parts of England it is scarcely possible 
to separate the red marls and sandstones so called (originally named 
“the New Red”) into two distinct geological systems. Nevertheless, 
the progress of investigation, and a careful comparison of English 
rocks between the lias and the coal with tliose occupying a similar 
geological position in Germany and Russia, have enabled geologists 
to divide the Poikilitic formation ; and have even shown that the 
lowermost of the two divisions is more closely connected, by its fossil 
remains, with the carboniferous group than with the trios. If, 
therefore, we ore to draw a line between the secondary and primary 
fossiliferous strata, as between the tertiary and secondary, it must 
run through the middle of what wjis once called the “ New lied,’^ 
or Poikilitic group. Tlie inferior half of this group will rank as 
Primary or Polceozic, while its upper member will form the base of 
the Secondary or Mesozoic series. For the lower, or Magnesian 
Limestone division of English geologists. Sir R. Murchison propo.sed, 
in 1841, the name of Permian, from Penn, a Russian government 
where these strata are more extensively developed than elsewhere, 
occupying an area twice the size of France, and containing an 
abundant and varied suite of fossils. 

Professor King, in his valuable monograph * of the Permian fossils 
of England, has given a table of the following six members of the 
Permian system of the north of England, with what he conceives 
to be the corresponding formations in Thuringia. 


North of England. 

1. Crystalline or concretionary, and 

non-crysulline limestone. 

2. Brecoiated and pseudo-brecciated 

limestone. 

3. Fossiliferous limestone. 

4. Compact limestqne. 

5. Mark slate. 

6. Inferior sandstones of varioos co- 

lours. 


Thuringia. 

1. Stinkstein. 

2. Rauchwacke. 

3. Dolomite, or Upper Zcrh«tein. 

4. Zechstein, or Lower Zechstein. 

5. Mcrpel-schiefer, or Kupferschiefer. 

6. liothliegendes. 


* Palseontograpbical Society, 1850., London. 
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I shall proceed, therefore, to treat briefly of these 
beginning with the highest, and referring the reader, for a fuller 
description of the lithological character of the whole group, a!» it 
occurs in the north of England, to a valuable memoir by Pi'ofessor 
Sedgwick, published in 18^.^ 

Crystalline or concretionary limestone (No. 1.), — Tliis formation 
is seen upon the coast of Durham and Yorkshire, betwetm the Wear 
and the Tees. Among its characteristic fossils are Schizodns Schto^ 
theimi (lig. 492.) and Mytilus septifer (fig. 494.). 


Fig. 492. 



Schiz<Mfu$ Sfhtothf$mi^ r;ejnU*, 
i'>>»iallmc lliutnituur, P«nnUii. 


Fig. 493. 


The hh»gH of Sthizmims 
truucatut. King. 
l*«rinuii . 


Fig. 404. 



ytfftitus Mfptiji t KInp. 
S)»i, Mmlm a ncutHtMtifa, 
Jkiiii*'* Sow. 

Feimmn oryiititltlur limr* 

Biotif. 


These shells occur at Hartlepool and Sunderland, where th(‘ rock 
assumes an oolitic and botryoidal character. Some of* the beds in this 
division are ripple-marked; and Mr. King imagines that the ab.sence 
of corals and the character of the shells indicate shallow water. In 
some parts of the coast of Durham, where the rock is not crystalline, 
it contains as much as 44 per cent, of carbonate of magne.-ia, mixed 
with carbonate of lime. In other places — for it is extremely vari- 
able in structure — it consists chiefly of carbonate of lime, and has 
concreted into globular and hemispherical masses, varying from the 
size of a marble to that of a cannon-ball, and radiating from the 
centre. Occasionally earthy and pulverulent beds pass into compact 
limestone or hard granular dolomite. Tlie strati lication is very ir- 
regular, in some places well defined, in others obliterated by the 
concretionary action which has re-arranged the materials of the rocks 
subsequently to their original deposition. Examples of this are seen 
at Pontefract and Ripon in Yorkshire. 

The brecciated limestone (No. 2.) contains no fragments of foi eign 
rocks, but seems composed of the breaking-up of the Permian lime- 
stone itself, about the time of its consolidation. Some of the angular 
masses in Tynemouth Cliff are 2 feet in diameter. '1 his breccia is 
considered by Professor Sedgwick as one^f the forms of the preced- 
ing limestone. No. 1., rather than as regularly underlying it. The 
fragments are angular and never water-worn, and appear to have 
lieen re-cemented on the spot where they were formed. It is, there- 
fore, suggested that they may have been due to those internal move- 
ments of the mass which produced the concretionary structure; but 
the subject is very obscure, and after studying the phenomenon in 
the Marston Rocks, on the coast of Durham, I found it impossible 


* Tratig. QeoL boc. Load., Second Scricn, vol. iii. p. 37. 
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to form any positive opinion on the subject* The well-known breo- 
ciated limestones of the Pyrenees appeared to me to present the 
nearest analogy, but on a much smaller scale. 

The fo9$Uiferoui limestone (No. 3.) is regarded by Mr. King as a 
deep-water formation, from the numerous delicate bryozoa which it 
includes. One of these, Fenestella retiformis (fig. 495.), is a very 


Fig. m. 



a. Ftnr^ieUn rrtifprmis, Schlot. *p. 

Syii. Gorgonia infundibuti forint a ^ Goldf. ; Rrit-pora fttulraccn^ Ptilllipt. 
b. part of the rame, highly magnified. 

Magneiian Limeitone, Humbleton Hill, near Sunderland.* 


variable species, and has received many diflTercnt names. It some- 
times attains a large size, measuring 8 inches in width. The same 
zoophyte, or rather mollusk, with several other British species, is 
also found abundantly in the Permian of Germany. < 

Shells of the genera Productns (fig. 496 ) and Strophalosia (the 
latter of allied form with teeth in the hinge), which do not occur in 



ProdMCtm korridut, Sowerby Lingvla Crrdnet it\ 
(including P. caivus^ Sow.)' (Geinits.) 

SunderUnd and Durham, in Magno- Magnealan 

•tan Limeitono ; Zechstcin aud Lime«ione; 
Kupfenchlefer, Germany. Mart-slate Dur* 

ham ; Zechstein, 
rburiugia. 


Fig. 498. 



Snirtfer undulatus. Sow. Min . Con, 
Syn. Triagonotrcta undulata^ King’s 
Monogr. 

Magnesian Limestone. 


strata newer than the Permian, are abundant in thi.s division of the 
series in the ordinary yellow magnesian limestone. They are ac- 
companied by certain species of Spirifer (fig, 498.), Lingula Crednerii 
(fig. 497.), and other brachiopoda of the true primary or palteozoic 
ty}>e. Some of this same tribe of shells, such as Athyris Rousyiy 
allied to Tef^ebratukt^ are specifically the same as fossils of the car- 
boniferous rocks. ' Avicula^ Area, and Schizodus (see above, fig. 
492.), and other lamellibranchiate bivalves, are abundant, but spiral 
univalves are very rare. 


* King's Monograph, PI. a. 
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The eompctci limeMione (No. 4.) also contains organic remaio.s 
especially bryoKO% and is intimately connected with the preceding. 
Beneath it lies the marl^*laU (No. 5,), which consists of hard, cal- 
careous shales, marl-slate, and thin-bedded limestones. At East 
Thickley. in Durham, whert^ it is thirty feet thick, this slate has 
yielded many fine specimens of fossil fish of the genera Pafrmnucms, 
Pygoptenis^ CcelacatiihvHy and Matysomus^ genera wliich are all 
found in the coal-measures of the Carboniferous epoch, and which 
therefore, says, Mr. King, probably lived at no great distance from 
the shore. But the Permian species are peculiar, and, for tlie moft 
part, identical with tliose found in the marl-slate or copper-slate of 
Thuringia. 




Restored outline of a fish of the pemn Palitonitcus, Ai?.iss. 
JPaJitf Blatnvlile. 


The Palaonisctis above mentioned belongs to that division of 
fishes which M. Agassiz has called ‘‘ Heterocercal/’ which have their 
toils unequally bilobate, like the recent shark and sturgeon, and the 
vertebnil column running along the upper caudal lobe. (8(*e fig. 
500.) The “ Homocercal ” fish, which comprise almost all the 


Fig. 500. 


Fig. 501. 



ahiirk. Shad. ( Ctupfn. Herring tribe.) 

ilet^roctt cal. HowoiercaL 


9000 species at present known in the living creation, have the tail- 
fin either single or equally divided ; and the vertebral column stops 
short, and is not prolonged into either lobe. (See fig. 501.) 

Now it is a singular fact, first pointed out by Agassiz, that the 
heterocercal fonn, which is confined to a small nunil>er of genera in 
the existing creation, is universal in the magnesian limestone, and 
all the more ancient formations. It characterizes the earlier periods 
of the earth’s history, whereas in the secondary strata, or those newer 
than the Permian, the homocercal tail predominates. 

A full description has been given by Sir Philip Egerton of the 
species of fish characteristic of the marl-slate, in Prof. King’s mono- 
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graph before referred to, where figures of the ichthyolites, which are 
very entire and well preserved, will be found. Even a single seale 
U usually so characteristically marked as to indicate the genus, and 
sometimes even the particular species. They are often scattered 
through the bods singly, and may be useful to a geologist in deter- 
mining the age of the rock. 

Scjitc« of fltlt. MafDtfftian tlnn«>tione. 


FJg.505. Fig. 503. Fig. MH. Fig. SW. 



Fig. Pa/ttnnncnt romptug^ AaAit'it St-ali*, Mitrl.tlatp. 

Fig. A0:i. Pn/ft'out^cmi clrg/tiit, S dg. Un<liT «tir««rii! of i.r.ile,magnifird, Mnrl.idat**. 

Fig. V4. PalafditisiUg plapfiprut, Ak. l^ndrr iurt.ici* *»( tciile, m>tgiit(l^d. MArl-tlatr*. 

Fig. M)!^. Cariaawthui grnnulatuif Ag. OranulMed iwface of scale, uiagniH»‘d. Marl slate. 


Fig. ftOC. 



'optnui mandibularii, Ag. MarUklate. 

a. (Mitxide of iK'.tIt’, iioigitifled. 

b. uiidtr surlacc ol 


Fig. .W. 



Acrolepn Hedgyritkiiy Ag. 

Outside o/ scale, magnified. 
Marl.klate. 


The inf vrior sandstones (No. 6., Tab., p. 456.), which lie beneath 
the marl-slate, consist of sandstone and sand, separating the mag- 
nesian limestone from the coal, in Yorkshire and Durham. In some 
instances, red marl and gypsum have been found associated with 
these beds. They have been classed with the magne.-^ian liraestont^ 
by Professor Sedgwick, as being nearly co-extensive with it in geo- 
graphical range, though their relations are very obscure. In some 
regions wo find it stated that the embedded plants are all specifically 
identical with those of the carboniferous series; and, if so, they 
probably belong to that epoch ; for the true Permian flora appears, 
from the researches of MM. Murchison and de Verneuil in Russia, 
and of MM. Geinitz and von Gutbier in Saxony, to be, with few 
exceptions, distinct from that of the coal (see p. 461.). 

According to Sir R. Murchison* the Permian rocks are composed, 
in Russia, of white limestone, with gypsum and white salt : and of 
red and green grits, occasionally with copper-ore ; also magnesian 
limestones, marlstones, and conglomerates. 

The country of Mansfeld, in Thuringia, may be called the classic 
ground of the Lower New Red, or Magnesian Limestone, or Permian 
formation, on the Continent It consists there principally of, first, 

* Russia and the Ural Monntaitis, 1845 ; and Siluria, chap, xil, 1S54. 
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the 2^hi$teiii, corresFonding to the upper portion of our English 
series ; and* secondly, the inarl*siate, with fish of species identical 
with those of the lied so called iu Durham. This slaty inarlstone is 
richly impregnated with copper-pyrites, for which it is extensively 
worked. Magnesian limestone, gypsum, and rock-salt occur among 
the superior strata of thi'4 group. At its base lies the Hothliegendes, 
supposed to correspond with the Inferior or Lower New Rod Sand- 
stone, which occupies a similar place in England hetween the marl- 
slate and coal. Its local name of ** Rothlicgendes,'’ rtd-h/rr, or 

Roth-todt-liegendes,” red-dead-lyer^ was given by the workrntm in 
the German mines from its red colour, and because the copper has 
died out when they reacii this rock, which is not melalliferous. It is, 
in fact, a great deposit of red sandstone and conglomerate, wi«h 
associated pi^rphyry, biisaltic trap, and amygdaloid. 

In the Kupferschi(*fcr,” or marl-slate, a highly organiztal rep- 
tile allied to the living monitor, was found in 1705), which has been 
named Protorosaurus^ and it remained for a century and a quarter 
the oldest known fossil reptile, when, at length, in 1B44. the Arche- 
fjohuurus was discovered in the coal of Saarbruch, near Treves.' 

Permian Flora. — We learn from the investigations of (’olonel Von 
Gutbier, that iu the Permian rocks of Saxony no less than 60 8fK*eies 
of fossil plants have been met with, 40 of w hich have not yet btaii 


Fig. 50«. 



IValchia piniformis^ Sternb. P^rmiAn. Saxnnr, f Gutbier, Die Vi-riteinerungHn dei 
permischen SyttCeinet in Sarhien, vul. ii. Pi. x.) 
a. branch. b twig of the »ame. c. leaf inagiiifti'd. 


found elsewhere. Two or three of these, as Fala mites g'ujos., Sphe- 
nopieris erosa and S. lobata^ are also met with in the government of 
Perm in Russia. Seven others, and among them Neu- 
ropteris Loshii^ Pecopteris arborescens, and P, sintiUs, 
with several 8}>ecies of Walchia (see'fig. 508.), a genus 
of Conifers, called Lycopodites by some authors, are 
common to the coal-measures. 

Among the genera also enumerated by Colonel 
Gutbier are the fruit called Cardiocarpon (see fig. 

609.), Asierophyllites, and Annularia^ so characteristic pt sax wjr. 
of the Carboniferous period ; also Lejndodendron, which * 
is common to the Permian of Saxony, Thuringia, and Russia, 


F.g. 5(9. 
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although not abundant. Noeggerathia fig. 510.), supposed by 
A. Brongniart to be allied to Cgeas^ is another link between the 
Permian and Carboniferous vegetation. Coni* 
for®, of the Araucarian division, also occur ; 
but these are likewise met with both in older 
and newer rocks. The plants called SigUlaria 
and Stigmaria, so marked a feature in the Car- 
boniferous period, are as yet wanting. 

Among the remarkable fossils of the roth- 
liegendes, or lowest part of the Permian in 
Saxony and Bohemia, are the silicified trunks of 
tree-ferns called generically Psaronius. Their 
bark was surrounded by a dense mass of air- 
roots, which often constituted a great addition 
to the original stem, so as to double or quadruple 
its diameter. The same remark holds good in 
regard to certain living extra-tropical arbores- 
cent ferns, particularly those of New Zealand. 

Psaronites are also found in the uppermost 
coal of Autun in France, and in the upper coal- 
measures of the State of Ohio in the United 
States, but specifically different from those of 
the rotliliegendes. They serve to connect the 
Permian fiora with the more modern portion Of 
the preceding or carboniferous group. Upon the whole, it is evident 
that the Permian plants approach much nearer to the carboniferous 
fiora than to the triassic ; and the same may be said of the Permian 
fauna. 



yoeiigeratina cun^tMia, 
aJ. Brongoiurt • 


♦ MurchibOii’s Russia, vol. ii. PI. A. tig 3, 
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CHAPTER XXIV. 


THE COAL, OR CARBONIFEROUS GROUP. 


CarboTiiferona strata in the south-west of Rni^land — Superposition of Coal-measures 
to Mountain Limestone — Departure from this type in North of England and 
Scotland —Carboniferous series in Ireland — Section in South Wales — Under- 
clays with Stigmaria — Carboniferous Flora — Fcnis, Lepidodendra, Equisciacese. 
Calamites, Asterophyllites, Sigillariaj, Stigraariaj— Conifertt — Sternbergia — 
Trigoiiocarpon — Grade of Conifenc in the Vegetable Kingdom— Absence of 
Antiiosperms — Coal, how formed— Erect fossil trees — Parklield Colliery — 
St. Etienne Coal-field— Oblique trees or snags — Fossil forests in Nova Scotia— 
Hain-prints — Purity of the Coal explained — Time required for the accumu- 
lation of the Coal-measures — Brackish-water aud marine strata — Crustaceans 
of the Coal — Origin of Clay -iron-stone. 


The next group which we meet with in the descending order is the 
Carl>oniferou3, commonly called ‘‘The Coal;** because it contains 
many beds of that mineral, in a more or less pure state, interstrati- 
tied with sandstones, shales, and limestones. The coal itself, evt n 
in Great Britain and Belgium, where it is most abundant, consti- 
tutes but an insignificant portion of the whole mass. In the north 
of England, for example, the thickness of the conl-hearing strata 
lias been estimated by Prof. Phillips at 3000 feet, while the various 
coal-seams, 20 or 30 in number, do not in the aggregate exceed 60 
feet. 

The carboniferous formation assumes various characters in dif- 
ferent parts even of the British Islands. It usually comprises two 
very distinct members : 1st, that usually called the Coal-measures, of 
mixed fi*eshwater, terrestrial, and marine origin, often including 
seams of coal ; 2ndly, that named in England the Mountain or Cai - 
boniferous Limestone, of purely marine origin, and containing corals, 
shells, and encrinites. 

In the south-western part of our island, in Somersetsliire and 
South Wales, the three divisions usually spoken of by English geo- 
logists are : — 


L Coal-measures 

2. Millstone-grit 

3. Mountain or 

Carboniferous 

Limestone. 


f Strata of shale, sandstone, and grit, with occasional seams 
t of coal from 600 to 12,000 feet thick, 
r A coarse quartzose sandstone passing into a conglomerate, 
sometimes used for millstones, with beds of shale ; usually 
devoid of coal ; occasionally above 600 feet thick. 

A calcareous rock containing marine shells and corals ; 
J devoid of coal ; thickness variable, sometimes 1500 feet. 


The millstone-grit may be considered as one of the coal-sandstones 
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of ooarser texture than usual, with some accompanying shales, in 
which coal-plants are occnsionally found. In the north of England 
some bands of limestone, with pectens, oysters, and other marine 
shells, occur in this grit, just as in the regular coal-measures, and even 
a few seams of coal. I shall treat, therefore, of the whole group as 
consisting of two divisions only, the Coal-measures and the Moun- 
tain Limestone. The latter is found in the southern British coal- 
fields at the base of the system, or immediately in contact with the 
subjacent Old Red Sandstone; but as we proceed northwards to 
Yorkshire and Northumberland it begins to alternate with true coal- 
measures, the two deposits forming together a series of strata alK>ut 
1000 feet in thickness. To this mixed formation succeeds the great 
mass of genuine mountain limestone.* Farther north, in the Fif‘- 
fthire coal-field in Scotland, we observe a still wider departure from 
the type of the south of England, or a more complete intercalation of 
dense masses of marine limestones with sandstones and shales con- 
taining coal. 

In Ireland a series of shales and slates, constituting the base of the 
Mountain Limestone, attain so great a thickness, often upwards of 
1000 f(M?t, as to be classed as a separate division. Under these slates 
is a Yellow Sandstone, also considered as carboniferous from its 
marine fossils, although passing into the underlying Devonian. A 
similar sandstone of much less thickness occurs in the same position 
in Gloucestershire and South Wales. 

The following are the subdivisions adopted in the geological map 
of Irtdand, constructed by Sir Richard Griffiths ; — 


1. Conl-mcasures, Upper and Tx)wer - - - - 

2 . 

3. Mountain hmestune, Upper, Middle (or Calp), and 

Lower - - 

4 . Carboniferous slate ------ 

5. Yellow sandstone (of Mayo. &c.) with shales and 

liimatonc - - 


Thickness in Feet, 
1000 to 2200 
350 to 1800 

1200 to 6400 
700 to 1200 

400 to 2000 


COAL-MKASURES. 

In South Wales the coal-mcaaurcs have been ascertained by actual 
measurement to attain the extraordinary thickness of 12,000 fee^ ; the 
beds throughout, with the exception of the coal itself, appearing to 
have been formed in water of moderate depth, during a slow, but per- 
haps intermittent, depression of the ground, in a region to which 
rivers were bringing a never-failing supply of muddy sediment and 
sand. The same area was sometimes covered with vast forests, such 
as we see in the deltas of great rivers in warm climates, which are 
liable to be submerged beneath fresh or salt water should the ground 
sink vertically a few feet. 

In one section near Swansea, in South Wales, where the total 

♦ S dpvvi k, Gcol. Trans., Second Series, vol. iv. ; and Phillips, Geol. of York- 
shire, Pun 2. 
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thicknese of strata is 3246 feet, we learn from Sir H. De la Beche 
that there are ten principal masses of sandstone. One of these is 
500 feet thick, and the whole of them make together a thickness of 
2125 feet. They are separated by masses of shale, varying in thick- 
ness from 10 to 50 feet. The intercalated coal-beds, sixteen in 
number, are generally from 1 to 5 feet thick, one of t!»em, which has 
two or three layers of clay interposed, attaining 9 feet* At other 
points in the same coal-field the shales predominate over the sand- 
stones. The horizontal extent of some seams of coal is much greater 
than that of others, but they all present one characteristic feature, 
in having, each of them, what is called its nnderclay. These under- 
clays, co-extensivc with every layer of coal, consist of arenaceous 
shale, sometimes called fire-stone, because it can be made into bricks 
which stand the fire of a furnace. They vary in tliickness from 6 
inches to more than 10 feet ; and Sir William Logan first announced 
to the scientific world in 1841 that they were regard(d by ih(‘ colliers 
in South Wales as an essential accompaniment of each of the one 
hundred seams of coal met with in their coal-field. They are said 
to form the floor on which the coal rests ; and some of them have 
a slight admixture of carbonaceous matter, while others are quite 
blackened by it. 

All of them, as Sir William Logan pointed out, are characterized 
by enclosing a peculiar species of fossil vegcjtable called Stigmaria^ 
to the exclusion of other plants. It was also observed that, wliile 
in the overlying shales or “roof” of the coal, ferns and trunks of 
trees abound without any StigmaricBy and are ilattened and com- 
j)ressed, those singular plants of the underclay very often retain their 
natural forms, branching freely, and sending out their slender leaf- 
like rootlets, formerly thought to be leaves, through the mud in all 
directions. Several 8j)ocies of Stigmaria had long beem known to 
]>otanist8, and described by them, before their position under each 
seam of coal was pointed out, and before their true nature as the 
roots of trees was recognized. It was conjectured that they might 
be aquatic, perhaps floating plants, which sometimes extended their 
branches and leaves freely in fluid mud, and which were Anally en- 
veloped in the same mud. 


CARBONIFEROUS FLORA. 

These statements will suffice to convince the reader that we can- 
not arrive at a satisfactory theory of the origin of coal until we 
understand the true nature of Stigmaria ; and in order to explain 
what is now known of this plant, and of others which have contri- 
buted by their decay to produce coal, it will be necessary to oflTer a 
brief preliminary sketch of the whole carboniferous flora — an assem- 
blage of fossil plants with which we are better acquainted than with 
any other which flourished antecedently to the Tertiary epoch. It 
should also be marked that Goppert has ascertained that theremiuns 

♦ Memoirs of Geol. Sarvey, vol. i. p. 195. , 

BH 
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of every family of plant* scattered through the coal-measures are 
sometimes met with in the pure coal itself — a fact which adds greatly 
to the geological interest attached to this dora. 

JFerns . — The number of species of carboniferous plants hitherto 
described amounts, according to M. Ad. Brongniart, to about 500. 
These may perhaps be a fragment only of the entire flora, but they 
are enough to show that the state of the vegetable world was then 
extremely different from that now prevailing. We are struck at 
the first glance with the similarity of many of the ferns to those now 
living, and the dissimilarity of almost all the other fossils except the 


Fig. 511 . rig. 512 . 



Pecopieri* Umckitica. a. Sphntoptrris crenata. 

(Fom. FIo.i 153.) b. DHrt ol the tame, magnified. 

(Foi». Flo., 101.) 



Coniferae. Among the ferns, as in the 
case of Pecopteris for example (fig. 51 1.), 
it is not always easy to decide whether 
they should be referred to different 
genera from those established for the 
classification of living species; whereas, 
in regard to most of the other contem- 
porary tribes, with the exception of the 
fir tribe, it is often difiScult to guess the 
family, or even the class, to which they 
belong. The ferns of the Carboniferous 
period are generally without organs of 
fructification, but in some specimens 
tliese are well preserved. In the general 
absence of such characters, they have 
been divided into genera distinguished 
iie branching of the fronds, 
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and the way in which the veins of the leaves are disposed. The 
larger portion are supposed to have been of the aiae of ordinary 
European ferns, but some were decidedly arborescent, especially the 
group called Caulopieris by Lindley, and the /^oroa^of the upper 
or newest coal-measures, before alluded to (p. 462.). 

All the recent tree-ferns belong to one tribe (Pofypodiacew\ and 
to a small number only of genera in that tribe, in which tiie surface 
of the txuiik is marked with scars, or cicatrices, left after the fall of 
the fronds. These scars resemble those of Caulopteris (see fig. 513.). 
No less than 250 ferns have already been obtained from the coal- 
strata ; and even if we make some reduction on the ground of 
varieties which have been mistaken, in the absence of their fructi- 
fication, for species, still the result is singular, because the whole of 
Europe affords at present no more than sixty indigenous species. 


Fig. 814. 



Living tree-fern* of different genera. (Ad. Brong.) 

Fig. 414. Tree-fern from Icle of Bourbon. 

Fig. 4|5. Q/eUhea gtnuca, Mauritius. 

Fig. 516. Tree-fern from Brasil. 

Lepidodendron. — About 40 species of fossil plants of the Coal 
have been referred to this genus. They consist of cylindrical stems 
or trunks, covered with leaf-scars. In their mode of branching, they 
are always dichotomous (see fig. 518.). « They are considered by 
Brongniart and Hooker to belong to the I^ycopodiacecB^ plants of 
this family bearing cones, with similar sporangia and spores 
(fig. 521.). Most of them grew to the size of large trees. The 
figs. 517 — 519. represent a fossil Lepidodendron, 49 feet long, found 
in Jarrow Colliery, near Newcastle, lying in shale parallel to the 
planes of stratification. Fragments of others, found in the same 
shale, indicate, by the size of the rbomboidal scars which cover 
them, a still greater magnitude. The living club-mosses, of which 
there are about 200 species, are most abundant in tropical climates. 

HH 2 • 
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They usuftlly creep on the gronnd, but some stand erect, as the 
Lycopodium denmm from New Zealand (fig, 520.), which attains a 
height of 3 feet. 


rig, fll7. Fff. 518, 



Istpidodendron SHernberffU. Coal-menaurpti, near Newcaitle. 

1 g fil7. Branching trunk, feet long, tuppoted to have belonged to L. Sternbergii. 
(Fos*. Fin,, 203.) 

} ig. .'ilfl. nrmjchin« »Umii with bark and leavci of L Strmbrrgn. (Foss. Flo., 4.) 

I ig. 510. Portion of same nearer the root ; natural size. ( Ibid.) 



rt. LycopiHiiHm drnfium ; banks of R. Thames, New Zealand, 
b. branch, natural niie. c. part of same, magnified. 

Tn the carboniferous strata of Coalbrook Dale, and in many other 
coal-fields, elongated cylindrical bodies, called fossil cones, named 
Lepidostrobus by M. Adolphe Brongniart, are met with. (See fig. 
521.;. They often form the nucleus of concretionary balls of clay- 



rt. orpeUmty "Btcng, Shropahir^; half natural tlxe. 

6. ponton of a section, showing the large sporangia in their natural position, and each 
supported by its bract or scale. 

c. Spores in these sporaiifi«, highly mafulfled. (Hooker, Mem. Oeol. Surrey, rol. ii. 
parts, p. 44a) 

Ironstone, and are w^l preserved, exhibiting a conical axis, around 
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which a ^reat quantity of scales were compactly imbricated. The 
opinion of M, Brongniart is now generally adopted, that the Ltpi- 
doftrobus is the fruit of Lepidodendron ; indeed, it is not uncommon 
in Coal brook Dale and elsewhere to find these itroMi or fruits termi- 
nating the tip of a branch of a well-characterized Lepidodendron. 

Equisetacem . — To this family l>elong two fossil species of the 
Coah one called Equuetum infumdibuliforme by Brongniart, and 
found also in Nova Scotia, which has sheatlis, regularly toothed, 
ribbed, and overlapping like those on the young fertile stems of 
Equuetum fluviaiile. It was much larger than any living ‘•Horse- 
tail/’ The Equisetum giganteumy discovered by Humboldt and Bon- 
pland in South AmcricH, attained a height of about 5 fet*t, the stem 
being an inch in diameter ; but more recently Gardner lias met with 
one in Brazil 15 feet higli, and Meyen gives the height of £*. Hogo- 
tense in Chili as 15 to 20 feet. 

Calamiies , — The fossil jdants so called were originally classed by 
most botanists as cryptogamous, being regarded as gigantic 


Fig. 622. 



Catamites carmafarmis^ Si’hiot. 
(Fo*s. Fit)., 7iy.) Cuiiiioou in 
Engliili ciml. 


Fig. 523. 



Catamitfi Broug ; 

iiatnrai fttia. Cntnmon in 
coal throughout Eurup<;. 


for, like the common “horsetail,” they usually ex- 
hibit little more than hollow jointed stems, furrowt^d rig. 624. 
externally. (See figs. 522, 523, 524.) 

Mr. Salter stated to me many years ago liis con- 
viction that the calamite as frequently represented 
by palceontologists was in an inverted position, and 
that the conical part given as the top of the stem 
was in truth the root. This point Dr. Dawson and 
I had opportunities of testing in Nova gcotia, in 
1853, where we saw many erect calami tes, having 
their radical termination as in the annexed figure 
(fig. 524.). The scars, from which whorls of vesseds 
have proceeded, are observed at the upper, not the 
lower, end of each joint or intemode.* The speci- 
men (fig. 522.), therefore, is no doubt the lower end Radicni cerminttion of 
of the plant, and I have therefore reversed its posi- ScoSi!**”***' 
tion as given in the work of Bindley and Hutton. 

♦ Sec Dawson, GeoL Quart Journal, 1834, vol x. p. 35. 
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M« Adolphe Brongniart, following up the discoveries of Germar 
and Corda» has shown in his “ Genres de V4g4taux Fossiles-” 1849, 
that many Calamites cannot belong to the Equueia, nor probably to 
any tribe of flowerless plants. He conceives that they are more 
nearly allied to the Gymnospermous Dicotyledons. They possessed 
a central pith, surrounded by a ligneous cylinder, which was divided 
by regular medullary rays. Thif cylinder was surrounded in turn 
by a thick bark. Of fossil 8tems'%aving this structure Brongniart 
formed his genus Calamodetidron^ which includes many species 
referred by Cotta, Petzholdt, and Unger to the genus Calamitea, 
The Calamodendron is described as smooth externally, its pith being 
articulated and marked with deep external vertical striae, agreeing 
in short with what geologists commonly call a Calamite. Since the 
appearance of Brongniart’s essay, Mr. E. W, Binney has made many 
important discoveries on the same subject ; and Mr. J. S. Dawes has 
published a more complete account of this singular fossil.* Their 

views have been confirmed by 
Professor Williamson of Man- 
chester, who has communicated 
to me a specimen figured in the 
annexed cut (fig. 525.), in which 
wo see an internal pith answer- 
ing in character to the Calamo- 
dendron, and yet liaving outside 
of it another jointed cylinder 
vertically grooved on ite outer 
surface, so that in the same 
stem we have one calamite en- 
veloping another. Yet that 
they both formed part of the 
same plant is proved by the 
following circumstances : — 1st. 
Near each articulation of the 
pith radiating spokes are seen 

Portion of A Co/nmiVr, near the base, nhowinfi: the . j i 

extAmal cylinder, coiuiccted by radiating veMels tO proceed and pcnctrate tlie 
with the CMt of the pith. -i. ^ i 

CommunicAted by Prof. W, C. Williaraion. ligneous EOue. One complete 

whorl or circle of these radii is 
visible in the annexed figure near the bottom of the hollow cavity, 
whilst another and superior whorl is incomplete ; several radii, 
corresponding to the first, remaining, while the rest have been 
broken away, their place being shown by scars which they have 
left. 2dly. In addition to these whorls, called medullary by Pro- 
fessor Williamson, there are seen in other specimens a set of true or 
ordinary medullary rays. 3dly. The woody zone, penetrated both 
by the spoke-like vessels before mentioned and by the medullary 
rays, is usually reduced to brown carbonaceous matter, preserving 
merely a tendency to break in longitudinal slips, but in some speci- 
mens its fibrous tissue is retained, and resembles that of Dadoxylon. 

* Quart Joarn. Geol. Soc. Lond., 1851, vol. vii. p. 196. 
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4 th\y. Outside of thb tone a^ain is another cylinder, supposed to have 
been originally a thick cellular bark, nearly equal to onc-third of the 
whole stem in diameter, grooved and jointed externally like the pith. 

In conclusion, I may remark that these discoveries make it more 
and more doubtful to what family the greater number of Calamites 
should be referred. Their internal organiatation, says Professor 
Williamson, was very peculiar Jfor while they exhibit remarkable 
affinities with gymnospermous iBcotyledons, the arrangement of 
their tissues differs widely from that of all known forms of gymno- 
sperms. 

Asterophy Hites , — The graceful plant represented in the annexed 
figure is supposed by M. Brongniart to be a branch of the Calamfh 
dendroHy and he infers from its pith and medullary rays that it was 
dicotyledonous. It appears to have been allied, by the nature of its 


Fig. 52G. 



AstcrophyUite$folio$ui. (Fo*f. Flo., 2S.) CoaJ-measurei, Newcaitlf. 


tissue, to the gymnogens, and to SigiUaria. But under the head ol‘ 
Aster ophyllites many vegetable fragments have been grou]>ed which 
probably belong to different genera. They have, in short, no cha- 
racter in common, except that of possessing narrow, vertioillate, 
one-ribbed leaves. Dr. Newberry, of Ohio, has discovered in the* 
coal of that country fossil stems which in their upper }>art b(‘ar 
wedge-shaped leaves, corresponding to Sphenophyllum, while below 
the leaves are stalk-like and capillary, and would have l>een called 
Asterophyllites if found detached. From this he infers that Spheno- 
phyllum was an aquatic plant, the superior and floating leaves of 
which were broad, and possessed a comp<Jund nervation, while the in- 
ferior or submersed leaves were linear and one-ribbed. ‘‘ This sup- 
position,” he adds, “is further sti’engthened by the extreme length 
and tenuity of the branches of this apparently herbaceous plant, 
which would seem to have required the support of a denser medium 
than air.” * 

Sigilldria, — A large portion of the trees of the Carboniferous 
period belonged to this genus, of which about thirty-five species arc 

♦ Annals of Science, Cleveland, Ohio, 1853, p. 97. 
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Flu. »». 



Sigitlaria l^tgata, Brong. 


known. The structure, both internal and external, was very pecu- 
liar, and, with reference to existing types, very anomalous. They 
were formerly referred, by M. Ad, Brongniart, to ferns, which they 
resemble in the scalariform texture of their vessels, and in some 
degree, in the form of the cicatrices left by the base of the leaf- 
stalks which have fallen off (see d27.). But with these points of 
analogy to cryptogamia, they oiiH|a6 an internal organisation much 

reaenflpag that of cyca^, and some of 
them are ascertained to have had long 
linear leaves, quite unlike those of ferns. 
They grew to a gi^eat height, from 30 to 
60, or even 70 feet, wkh regular cylin- 
drical stems, and without branches, al- 
though some species were dichotomous 
towards the top. Their fluted trunks, 
from 1 to 5 feet in diameter, appear to 
have decayed more rapidly in the interior 
than externally, so that they became 
hollow when standing ; and when thrown 
prostrate on the mud, they were squeezed 
down and flattened. Hence, we find the 
bark of the two opposite sides (now con- 
verted into bright shining coal) to consti- 
tute two horizontal layers, one upon the 
other, half an inch, or an inch, in thickness. These same trunks, 
when they are placed obliquely or vertically to the planes of strati- 
fication, retain their original rounded form, and are uncompressed, 
the cylinder of bark having been filled with sand, which now affords 
a cast of the interior. 

Dr. Hooker still inclines to the belief that the Sigillarm may 
have been cryptogamous, though more highly developed than any 
flowerless plants now living. The scalariform structure of their 
vessels agrees precisely with that of ferns. 

Stigmaria . — This fossil, the importance of which has already been 
pointed out, was formerly conjectured to be an aquatic plant. It is 
now ascertained to bo the root of Sigillaria, The connection of the 
roots with the stem, previously suspected, on botanical grounds, by 
Brongniart, was first proved, by actual contact, in the Lancashire 
Goabfield, by Mr. Binney. The fact has lately been shown, even 
more distinctly, by Mr. iliohard Brown, in his description of the 
StigmaruB occurring in the underclays of the coal-seams of the 
Island of Cape Breton, in Nova Scotia. 

In a specimen of one of these, represented in the annexed figure 
(fig. 528.), the spread of the roots was sixteen feet, and some of 
them sent out rootlets, in all directions, into the surrounding clay. 

In the sea-cliffs of the South Joggins in Nova Scotia I examined 
several erect SigillaricB^ in company with Dr. Dawson, and we found 
that from the lower extremities of the trunk they sent out Stig- 
as roots. All the stools of the fossil trees dug out by us 
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StigmarU attached to a trunk of Stgdlarta.* 


<livided into four parts, and these again bifurcated, forming eight 
roots, which were also dichotomous when traceable far enough. 

The cylindrical rootlets formerly regarded as leaves are now 
shown by more perfect specimens to have been originally attached 
to the root by fitting into deep cylindrical pits. In the fossil there 
is rarely any truce of the form of these cavities, in consequence of 
the shrinkage of the surrounding ti>8ues. Where the rootlets are 
removed nothing remains on the surface of the Stigrnaria but rows 
of mammilJated tubercles (see figs. o29, 530.), which have formed 


Fig. 529. 



Stigmana Jicoidtrs., Brong. inat. size. (Foss. Flo., 32.) 


the base of each rootlet. These protuberances may possibly indi- 
cate the place of a joint at the lower extremity of the rootlet. Rows 
of these tubercles are arranged spirally round each root, which 
have always a medullary axis and woody system much resembling 
that of Sigillaria, the structure of the vessels being, like it, scalari- 
form. 

Coniferce , — The coniferous trees of this period are referred to five 
genera ; the woody structure of some of them showing that they were 
ilied to the Araucarian division of pines, more than to any of our 
common European firs. Some of their trunks exceeded 44 feet in 
height. Many, if not all of them, seem to have differed from living 
ConifercB in having large piths ; for Professor Williamson has de- 

• The trunk in this case is referred markings assumed by SigiUaria near 
by Mr. Brown to Lepidodendron^ but his base. 

Uiastrations seem to show the usual 
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monstrated the fossil of the coal-measures called Stemhergia to be 
the pith of these trees, or rather the cast of cavities formed by the 
shrinking or partial absorption of the original medullary axis (see 
figs. 531. and 632.). This peculiar type of pith is observed in living 
plants of very different families, such as the common Walnut and 


Flg.»31. 



Magnified portion of fig. 531.; traniTerse section, 
c. pith. 5, 5. woody fibre. e. medullary rays. 


the White dasmine, in which the pith becomes so reduced as simply 
to form a thin lining of the medullary cavity, across which trans- 
verse plates of pith extend horizontally, so as to divide the cylin- 
drical hollow into discoid interspaces. When these interspaces have 
been filled up with inorganic matter, they constitute an axis to 
which, before their true nature was known, the provisional name of 
Sternhergia (d, fig. 531.) was given. 

In the above specimen the structure of the wood (5, figs. 531. and 
532.) is coniferous, and the fossil is referable to Endlicher’s fossil 
genus Dadoxglon, 

The fossil named Trigonocarpon (figs. 533. and 534.), formerly 
supposed to be the fruit of a palm, may now, according to Dr. 
Hooker, be referred, like the Sternhergia^ to the Coniferce. Its geo- 
logical importance is great, for so abundant is it in the Coal-Mea- 
sures, that in certain localities the fruit of some species may be 
procured by the bushel ; nor is there any part of the formation where 
they do not occur, except the underclays and limestone. The sand- 

* Manchester Philos. Mem., vol. ix. 1851. 
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Tirigornnearpum f>fira‘/ot‘fMe, Llndler, with 
it* enveloiMi. Felling Culllery, 


stone, ironstone, shales, and coal itself, all contain them. Mr. Binnej 
has at length found in the clay-ironstone of Lancashire several 
specimens displaying structure, and from these, says Dr. Hooker, we 
learn that the Trigonocarpon belonged to that large section of exist- 
ing coniferous plants which bear fleshy solitary fruits, and not cones. 
It resembled very closely the fruit of the Chinese genus Salishuria^ 
one of the Yew tribe, or Taxoid conifers. In five of the fossil 
specimens there is evidence of four distinct integuments, and of a 
large internal cavity filled with carbonate of lime and magnesia, and 
probably once occupied by the albumen and embryo of the seed. The 
general form of the fossil when perfect is an elongat(Ml ovoid, rather 
larger than a hazel-nut. The exterior iiiti'gument is very thick and 
cellular, and was no doubt once fleshy (see fig. 534.). It alone is 
})roduced beyond the seed, and forms the beak. The second coat was 
thinner, but hard, and marked by three ridges. This coat, being 
all that commonly remains in a fossil state, has suggested the name 
of Trigonocarpon. Within this were the third and fourth coats, 
both of which are very delicate membranes, and may possibly have 
been two plates belonging to one membrane. 

Grade of the Carboniferous Flora, — On the whole, these fruits, 
says Dr. Hooker, are referable to “a highly developed type, ex- 
hibiting extensive modifications of elementary organs for the pur- 
pose of their adaptation to special functions, and these modifications 
are as great, and the adaptation as special, as any to be found amongst 
analogous fruits in the existing vege&able world.” * Professor 
Williamson, in his paper on Sternbergia^ lias likewise remarked that 
its structure was complex, and that “ at a period so early as the car- 
boniferous all the now-existing forms of vegetable tissue appear to 
have been created.” These observations deserve notice, because a 
question has arisen, whether the Coniferce hold a high or a low 
position among flowering plants — a point bearing directly on the 
theory of progressive development. By some botanists all the Gym- 
nospermous Dicotyledons are regarded as inferior in grade to the 
Angiosperms. Others hold, with Dr. Hooker, that the Gymnospenns 


* Proceedingf of the Boyal Society, vol. vil, March 1854, p. 28. 
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are not inferior in rank, having every typical character of the dico- 
tyledone highly developed. Thus Coniferac liave flowers, and are 
propagated by seeds wliich are developed through the mutual action 
of the stamens and ovules ; they have dicotyledonous and polycoty- 
ledonous embryos, and germinate in the same manner as other di- 
cotyledons. The seed-vessel (or ovary) is not closed, but this is also 
the case in some genera f»f angio8i>erms, in which the ovary is open 
before or after impregnation, so that this character cannot be relied 
on as constituting a fundamental difference in structural develop- 
ment. The Conifer® are exogenous, and have the same arrangement 
of pith, wood, bark, and medullary rays as have the ty])ical dicoty- 
ledonous trees. Whether the woody fibre with discs characteristic 
<»f Conifene be a more or a less complex tissue than the spiral vessels, 
is a controverted point. As the spiral vessels occur in the young 
shoots, and are lost in the mature growth of some plants, and as 
tliey appear in many acrogens, they do not seem to mark a high 
development. Jn fine, there is much ambiguity in deciding what 
should or should not be called high or low in vegetable structure, 
and j)hy8iol<)gists entertain very different abstract ideas as to the 
perfection of certain organs and their relaiive functional importance, 
even where the function is clearly ascertained. It is enough for the 
geologist to know, that fossil Conifer® abound in the oldest rocks, 
yielding a considerable number of vegetable remains, and that plants 
of this order lay claim, if not to the higliest, at least to so high a 
place in the scale of vegetable life, as to preclude us from charac- 
terizing the carboniferous flora as consisting of iinperfectly developed 
plants. 

Although our data are confessedly too defective to entitle us to 
generalize respecting the entire vegetable creation of this era, yet we 
may affirm that so far as it is known it differed widely from any 
flora now existing. The comparative rarity of Monocotyledons and 
of Dicotyledonous Angiosperms seems clear, and the abundance of 
Ferns and Lyeopods may justify Adolphe Broiigniart in calling the 
primary periods the age of Acrogens* (’‘le regne des Acrogens”). 
As to the Sigillari® and Calamites, they seem to have been distinct 
from all tribes of now-existing jdants. That the abundance of ferns 
implies a moist atmosphere, is admitted by all botanists ; but no safe 
conclusion, says Hooker, can be drawn from the Conifer® alone, as 
they are found in hot and dry and in cold and dry climates, in hot 
and moist and in cold and moist regions. In New Zealand the 
Conifer® attain their maximum in numbers, constituting part 
of all the flowering plants ; whereas in a wide district around the Cape 
of Gk)od Hope they do not form phenogamic flora. 

Besides the conifers, many species of ferns flourish in New Zealand, 
some of them arborescent, together with many lycopodiums; so that 
a forest in that country may make a nearer approach to the carbo- 
niferous vegetation than any other now existing on the globe. 


For terminology of classification of plants, see above, note, p. 331. 
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s , — Some of the ^rraj^s-like leaver terme^i 
Jhacites^ having fine longitudinal striae, are conjec- 
tured to belong to Monocotyledons; but the deter- 
mination is doubtful, as some of them may bi> the 
leaves of Lepidodendra^ others the stems of Ferns. 

The curious plants called Antholithes by Lind ley 
Imve usually bt^en considered to be flower-spikes, 
having what seems a calyx and linear petals (see 
fig. 535.), Dr. Hooker suggested that tiioy might 
be tufts of young leaves like those of the larch, but, 
after seeing the most peifect specimens, he no longer 
thought them oniferous, but resembling rather the 
spike (»f a highly organized plant in full flower, such 
ns one of the llromeliaceas, to which Professor Lindlev f 
first compared them. In the ahsence. however, of 
all structure, the affinities of these fossils are still considered very 
uncertain. 

Cou/, how formed. — Erect trees, — I shall now consider the manner 
in wliicli the ahove-mentionecl plants are embedded in the strata, and 
how they may have contributed to produce coal. Profcjssor (liippert, 
after examining the fossil vegetables of the eoal-fiehls of Germany, 
lias detected, in beds of pure coal, remains of plants of every family 
liitherto known to occur fossil in the carboniferous rocks. Many 
seams, lie remsi ks, are rich in Sigillaricr, Lepidodendra^ and Stig^ 
maricB, the latter in such abundance as to appear to form the bulk of 
tilt* coal. In some places, almost all the plants were calamites, in 
others ferns.* “ Some of the plants of our eoal,” says Dr. Buckland, 
“ grew on the identical banks of sand, silt, and mud which, being 
now indurated to stone and shale, form the strata tliat accompany 
the coal ; whilst other portions of these plants have been drifted to 
various distances from the swamps, savannahs, and forests that 
gave them hirth, particularly those that are. dispersed through the 
sandstones, or mixed with fishes in the shale beds.” “ At Balgniy, 
three miles north of Glasgow^” says the same author, “I saw in 
the year 1824, as there still may be seen, an unequivocal example 
of the stumps of several stems of large trees, standing close to- 
gether in their native place, in a quarry of sandstone of the coal- 
formation.” t 

Between the years 1837 and 1840, six fossil trees were discovered 
in the coal-fields of Lancashire, where it is intersected by the Bolton 
railway. They were all in a vertical position, with respect to the 
plane of the bed which dips about 15® to the south. The distance 
between the first and the last was more than 100 feet, and the 
roots of all were embedded in a soft argillaceous shale. In the same 
plane with the roots is a bed of coal, eight or ten inches thick, 
which has been found to extend across the railway, or to the distance 

* Quart Geol. Joum., vol, v., Mem., p. 17. 

•f Aiiniv. Address to GeoL Soc., 184U. 
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of at least ten yards. Just above the covering of the roots, yet 
beneath the coal-seam, so large a quantity of the Lepidottrobm 
variabilii was discovered enclosed in nodules of hard clay, that 
more than a bushel was collected from the small openings around 
the base of the trees (see figure of this genus, p. 468.), The exterior 
trunk of each was marked by a coating of friable coal, varying from 
one quarter to three quarters of an inch in thickness ; but it 
crumbled away on removing the matrix. The dimensions of one of 
the trees is 15^ feet in circumference at the base, 7^ feet at the top, 
its heiglit being 11 feet. All the trees have large spreading roots, 
solid and strong, sometimes branching, and traced to a distance of 
several feet, and presumed to extend much farther. Mr. Hawk- 
shaw, who has described these fossils, thinks that, although they 
were hollow when submerged, they may have consisted originally 
of hard wood throughout; for solid dicotyledonous trees, when 
prostrated in tropical forests, as in Venezuela, on the shore of the 
Caribbean Sea, were observed by him to be destroyed in the in- 
terior, so that little more is left than an outer shell, consisting 
chiefly of the bark. This decay, he says, goes on most rapidly 
in low and flat tracts, in which there is a deep rich soil and ex- 
cessive moisture, supporting tall forest-trees and large palms, 
below which bamboos, canes, and minor palms flourish luxuriantly. 
Such tracts, from their lowness, would be most easily submerged, 
and their dense vegetation might then give rise to a seam of coal.* 
In a deep valley near Capel-Coelbren, branching from the higher 
part of the Swansea valley, four stems of upright Sigillarue 
were seen in 1838, piercing through the coal-measures of S. Wales ; 
one of them was 2 feet in diameter, and one 13^ feet high, 
and they were all found to terminate downwards in a bed of coal. 
“ They appear,” says Sir H. De la Beche, “ to have constituted a 
portion of a subterranean forest at the epoch when the lower car- 
boniferous strata were formed.” f 

In a colliery near Newcastle, say the authors of the Fossil Flora, 
a great number of SigillaricB were placed in the rock as if they had 
retained the position in which they grew. Not less than thirty, 
some of them 4 or 5 feet in diameter, were visible within an area 
of 50 yards square, the interior being sandstone, and the bark 
having been converted into coal. The roots of one individual 
were found embedded in shale ; and the trunk, after maintaining a 
perpendicular course and circular form for the height of about 10 
feet, was then bent over so as to become horizontal. Here it was 
distended laterally, and flattened so as to be only one inch thick, 
the flutings being comparatively distinct;^ Such vertical stems 
are familiar to our miners, under the name of coal-pipes. One of 
them, 72 feet in length, was discovered, in 1820, near Gosforth, 
about five miles from Newcastle, in coal-grit, the strata of which 

* Hawkshaw, Geol. Trans., Second and Somerset, p. 143. 

Series, voL vL pp, 173. 177-, PI. 17. I lindley and Hutton, Fo98. Flo.f 

t Geol. Report on Cornwall, Devon, Part 6. p. 150. 
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it penetrated. The exterior of the trunk was marked at interrala 
with knots, indicating the points at which branehea had shot off. 
The wood of the interior been converted into carbonate of lime; 
and its structure was beautifully showm by cutting transverse slices, 
so thin as to be transparent. (See p. 40.) 

These ‘‘coal-pipes** are much dreaded by our* miners, for almost 
every year in the Bristol, Newcastle, and other coal-fields, they are 
the cause of fatal accidents. Each cylindrical cast of a tree, formed 
of solid sandstone, and increasing gradually in size towards the base, 
and being without branches, has its whole weight thrown down- 
wards. and recekes no support from the coating of friable coal which 
has replaced the bark. As soon, therefore, as the cohesion of this 
external layer is overcome, the heavy column falls suddenly in a 
perpendicular or oblique direction from the roof of the gallery 
whence coal has been extracted, wounding or killing the workman 
who stands l>elow. It is strange to reflect how many thousands of 
these trees fell originally in their native forests in obedience to the 
law of gravity; and how the few which continued to stand erect, 
obeying, after myriads of ages, the same force, are cast down to im- 
molate their human victims. 

It has been remarked, that if, instead of working in the dark, 
the miner was accustomed to remove the upper covering of rock 
from each seam of coal, and to expose to the day the soils on 
which ancient forests grew, the evidence of their former growth 
would be obvious. Thus in South Staffordshire a seam of coal was 
laid bare in the year 1844, in what is called an open work at 
Parkfield Colliery, near Wolverhampton. In the space of about 
a quarter of an acre the stumps of no less than seven ty-thrce trees 
with their roots attached appeared, as shown in the annexed 
plan (fig. 536.), some of them more than 8 feet in circumference. 


Fig. 536. 



The trunks, broken oflf close to the root, were lying prostrate in 
♦ Messrs. Beckett and Ick, Proceed. Gcol. Soc., vol W. p. 287. 
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every direction, often cro8«ing each other. One of them measured 
15, another 30 feet in length, and others less. They were invariably 
flattened to the thickness of one or two inches, and converted into 
coaL Their roots formed part of a stratum of coal 10 inches thick, 
which rested on a layer of clay 2 inches thick, below which was a 
second forest, resting on a 2-foot seam of coal. Five feet below this 
again was a third forest with large stumps of Lepidodendra^ Cala- 
and other trees. 

In the account given, in 1821, by M. Alex. Brongniart* of the 
coal-mine of Treuil, at 8t. Etienne, near Lyons, he states that 
distinct horizontal strata of micaceous sandstone are traversed by 
vertical trunks of monocotyledonous vegetables, resembling bam- 
boos or large Equueta (fig. 537.). Since the consolidation of the 


Fir. ft37. 



Section showing the erect position of fosail trees In coal -sand stone at 
St. Etienne. (Alex. Brongniart.) 


stone, there has been here and there a sliding movement, which has 
hrok(m the continuity of the stems, throwing the upper parts of 
them on one side, so that they are often not continuous with the 
lower. 

From these appearances it was inferred that we have here the 
monuments of a submerged forest. I formerly objected to this con- 
(‘lusion, suggesting that, in that case, all the roots ought to have 
been found at one and the same level, and not scattered irregularly 
through the mass.* 1 also imagined that the soil to which the roots 
were attached should have been different from the sandstone in 
which the trunks are enclosed. Having, however, seen calami tes 
near Pictou, in Nova Scotia, buried at various heights in sandstone 
and in similar erect attitudes, I have now little doubt that M. Brong- 


Annale« des Mines, 1821 . 
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niart’s view was correct. These plants seem to have grown on a 
sandj soil, liable to be flooded from time to time, and raised by new 
accessions of sediment, as may happen in swamps near the banks 
of a large river in its delta. Trees which delight in marshy 
grounds are not injured by being buried several ftH?t deep at their 
base; and other trees are continually risitig up from new soils, 
several feet above the level of the original foundation of the 
morass. In the banks of the Mississippi, when the water has fallen, 
I have seen sections of a similar deposit in which portions of tlie 
stumj)s of trees with their rooU in situ appeared at many different 
heights.* 

\Vh(Mi I visited, in 1843, the quarries of Treuil above mentioned, 
the fossil trees seen in fig. 537. were reinoveil, but 1 obtained proofs 
of other forests of erect trees in the same coal-field. 

Snags, — In 1830, a Hlanting trunk was expostnl in Cragleith 
quarry, near Edinburgh, the total Icngtii of which exceeded (>0 feel. 
Its diameter at the top was about 7 inches, and near tlu‘ base it 
measured 5 feet in its greater, and 2 feet in its lesser width. The 
bark was converted into a thin coating of the purest iiiul finest coal, 
forming a striking contrast ill colour with the white (juartzose sandstone 
ill which it lay. The annexed 

•' . 1 . ^ t IK. WH. 

figure rejiresents a portion of this 
tree, about 15 feet long, wliicli 
I saw (‘Xposed in 1830, when all 
the strata had been removed from 
one side. The beds which rc- 
iiiained were so unaltered and un- 
disturbed at the point of junction, 
as clearly to show that they had 
been tranquilly deposited round 
tlie tree, and that the tree had 
not subsequently pierced through 
them while tliey wx*re yet in a 
soft state. They were composed chiefly of siliceous sandstone, for 
the most part white ; and divided into laminae so thin, that from si.v 
to fourteen of them might be reckoned in tlie thickness of an inch. 
Some of these thin layers were dark, and contained coaly matter ; 
but the lowest of the intei^ected beds were calcareous. Tiie tree 
could not have been hollow when embedded, for the interior still 
preserved the woody texture in a perfect st^te, the petrifying matter 
being, for the most part, calcareous.']’ It is also clear that the lapidi- 
fying matter was not introduced laterally from the strata through 
which the fossil passes, as most of these were not calcareous. It is 
well known that, in the Mississippi and other great American rivers, 
where thousands of trees float annually down the streams, some sink 
with their roots downwards, and become fixed in tbe mud. Thus 
placed they have been compared to a lance in rest ; and so often do 

* Principles of GeoL, 9th ed., p. 268. 

f See figures of texture, Witbam, Foss. Veget.. PL 3. 
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they pierce through the bows of vessels which run against them, 
that they render the navigation extremely dangerous. Mr. Hugh 
Miller mentions four other huge trunks exposed in quarries near 
Edinburgh, which lay diagonally across the strata at an angle of 
about 30®, with their lower or heavier portions downwards, the 



roots of all, save one, rubbed off by attrition. 
One of these was 60 and another 70 feet in 
length, and from 4 to 6 feet in diameter. 

The number of years for which the trunks of 
trees, when constantly submerged, can resist 
decomposition, is very great ; as we might sup- 
pose from the durability of wood, in artificial 
piles, permanently covered by water. Hence 
these fossil snags may not imply a rapid accu- 
mulation of beds of sand, although the channel 
of a river or part of a lagoon is often filled up 
in a very few years. 

Nova Scotia . — One of the finest examples in 
the world of a succession of fossil forests of the 
Carboniferous period, laid open to view in a 
natural section, is that seen in the lofty cliffs 
called the South Joggins, bordering the Chig- 
necto Channel, a branch of the Bay of Fundy, 
in Nova Scotia.* 

In the annexed section (fig. 539.), which I 
examined in July, 1842, the bods from c to i are 
seen all dipping the same way, their average 
inclination being at an angle of 24° S.S.W. 
The vertical height of the cliffs is from 150 to 
2(X) feet ; and betw’een d and in which space 
I observed seventeen trees in an upright posi- 
tion, or, to speak more correctly, at right angles 
to the planes of stratification, I counted nineteen 
Beams of coal, varying in thickness from 2 inches 
to 4 feet. At low tide a fine horizontal section 
of the same beds is exposed to view on the 
beach. The thickness of the beds alluded to, 
between d and is about 2500 feet, the erect 
trees consisting chiefly of large SigillaruBy oc- 
curring at ten distinct levels, one above the 
other ; but Mr. Logan, who afterwards made a 
more detailed survey of the same line of cliffs, 
found erect trees at seventeen levels, extending 
through a vertical thickness of 4515 feet of 
strata ; and he estimated the total thickness of 
the carboniferous formation, with and without 


* See Lyell’s Travels in N. America, toL ii. p. 179. ; and Dawson, Geol Joam., 
No. 37. 
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coal, at no less than 14,570 feet, everywhere devoid of marine 
organic remains.* The usual height of the buried trees seen by me 
was from 6 to 8 feet ; but one trunk was about 25 feet high and 4 feet 
in diameter, with a considerable bulge at the base. In no instance 
could I detect any trunk intersecting a layer of coal, however thin ; 
and most of the trees terminated downwards in seams of coal. Some 
few only were based in clay and shale ; none of them, except cala- 
mites, in sandstone. The erect trees, therefore, appeared in gene- 
ral to have grown on beds of coal. In the underclays Stigmaria 
abounds. 

In 1852 Dr. Dawson and the author made a detailed examination 
of one portion of the strata, 1400 feet thick, where the coal-seams 
are most frequent, and found evidence of root-bearing soils at sixty- 
eight different levels. Like the seams of coal which often cover 
them, these root-beds or old soils are at present the most destructible 
masses in the whole cliff, the sandstones and laminated shales being 
harder and more capable of resisting the action of the waves and 
the weather. Originally the reverse was doubtless true, for in the 
existing delta of the Mississippi those clays in which the innume- 
rable roots of the deciduous cy})ress and other swamp trees ramify 
in all directions are seen to withstand far more effectually the 
undermining power of the river, or of the sea at the base of the 
delta, than do beds of loose sand or layers of mud not supjwrting 
trees. 

This fact may explain why seams of coal have so often escaped 
denudation, and remain continuous over wide areas, since the tough 
roots, now turned to coal, which once traversed them, would enable 
them to resist a current of water, whilst otlier members of the coal- 
formation, in their original and unconsolidated state of sand and 
mud, would be readily removed. 

In regard to the plants, they belonged to the same gent^ra, and 
most of them to the same species, as those met with in the distant 
coal-fields of Europe. In the sandstone, which filled their interiors, 
I frequently observed fern-leaves, and sometimes fragments of Slig^ 
wiarjcf, which had evidently entered together with sediment after the 
trunk had decayed and become hollow, and while it was still stand- 
ing under water. Thus the tree, a 6, fig. 540., the same which is 
represented at a, fig. 541., or in the bed e in the larger section, 
fig. 539., is a hollow trunk 5 feet 8 inches in length, traversing 
various strata, and cut off at the top by a layer of clay 2 feet thick, 
on which rests a seam of coal (5, fig. 541.) 1 foot thick. On this 
coal again stood two large trees (c and rf), while at a greater height 
the trees y* and g rest upon a thin seam of coal (e), and above them 
is an underclay, supporting the 4-feet coal. 

If we now return to the tree first mentioned (fig. 540.), we find 
the diameter (o 5) 14 inches at the top and 16 inches at the bottom, 
the length of the trunk 5 feet 8 inches. The strata in the interior 


Quart Geol. Joum., vol. ii. p. 177. 
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conaiftted of a series entirely different from those on the outside. 
The lowest of the three outer beds which it traversed consisted of 
purplish and blue shale (c, hg. 540.), 2 feet thick, above which was 

Fig. MO. 



Foisll tree at right anglei to the planes of stratification 
Co*l-measureB, Nova 5>cotia. 

Fig. 541. 



Erect fouil trees. Coal-measures, Nova Scotia. 


sandstone (</) 1 foot thick, and, above this, clay (e) 2 feet 8 inches. 
But in the interior were nine di.stinct layers of different composi- 
tion : at the bottom, first, shale 4 inches, then sandstone 1 foot, then 
shale 4 inches, then sandstone 4 inches, then shale 1 1 inches, then 
clay {f) with nodules of ironstone 2 inches, then pure clay 2 feet, 
then sandstone 3 inches, and, lastly, clay 4 inches. Owing to the 
outward sIojh) of tlio face of the cliff, the section (fig. 540.) was not 
exactly perpend icuhir to the axis of the tree ; and hence, probably, 
the apparent sudden termination at the base without a stump and 
roots. 

In this example the layers of matter in the inside of the tree are 
more numerous than those without ; but it is more common in the 
coal-measures of all countries to find a cylinder of pure sandstone 
— the cast of the interior of a tree — intersecting a great many 
alternating beds of shale and sandstone, which originally enveloped 
the trunk as it stood erect in the water. Such a want of corres- 
pondence in the materials outside and inside, is just what we might 
expect if we reflect on the difference of time at which the deposition 
of sediment will take place in the two cases ; the embedding of the 
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tree having gone on for many years before its decay had made much 
progress. 

In many places distinct proof is seen that the enveloping strata 
took years to accumulate, for some of the sandstones surrounding 
erect sigillarian trunks support at different levels roots and steins 
of Cnlamiies; the Cahmifes having begun to grow after the older 
Sigillari(e had been partially buried. 

The general absence of structure in the interi<»r of the large fossil 
trees of the Coal implies the very durable nature of tlieir bark, ns 
compared with their woody portion. The same differeuee of dura- 
bility of bark and wood exists in modern trees, and was first pointed 
out to me by Dr. Dawson, in the forests of Nova Seotia, where tin* 
Canoe Biroh {Bctula papgrctcea) has such tough bark tlial it may 
sometimes be seen in the swamps looking externally sound and fresh, 
although consisting simply of a hollow cylinder with all the wood 
<lecayed and gone. In such cases the submerged portion is some- 
times found filled with mud. 

One of the erect fossil trees of the South J(»ggin8 has been shown 
by Dr. Daw son to have Araucarian structure, so that some Conifrrm 
of tlie Coal period grt;vv in the same swuimps as SigUhtrid^ just as 
now the deciduous Cyj)ress ( 7aa*or/i>/m distichum) abounds in the 
iiiarshcs of Louisiana even to the edge of the sen. 

When the carboniferous forests sank below liigh-water mark, a 
sjiocies of Spirorhis or Serpula (fig. 545.) attached itself to the out- 
side of the stumps and st(*ms of the erect trees, adhering occasionally 
even to the interior of the bark — another proof that the process of 
envelopment was very gradual. Tlicse hollow upright trees, covered 
with innumerable marine annelids, reminded me of a “ cane-brake,” 
it is commonly called, consisting of tall reeds of Aruiidinaria 
fjiacrosperma, which I saw in 1846, at the Balize, or extremity of 
the delta of the Mississippi. Although these reeds are fresli water 
plants, they were covered witli barnacles, liaviiig been killed by an 
incursion of salt water over an extent of many acres, where the sea 
had for a season usurped a space previously gained from it by the 
river. Yet the dead reeds, in spite of this change, remained stand- 
ing in the soft mud, showing how easily the Sigillarus, liollow as 
they were but supported by strong roots, may have resisted an in- 
cursion of the sea. 

The high tides of the Bay of Fundy, rising more than 60 feet, 
are so destructive as to undermine and swbep away continually the 
whole face of the cliffs, and thus a new crop of erect fossil trees is 
brought into view every three or four years. They are known to 
extend over a space between two or three miles from north to south, 
and more than twice that distance from east to west, being seen in 
the banks of streams intersecting the coal-field. 

In Cape Breton, Mr. Richard Brown has observed in the Sydney 
coal-field a total thickness of coal-measures, without including the 
underlying millstone-grit, of 1843 feet, dipping at an angle of 8(P. 
He has published minute details of the whole series, showing at how 
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m&njr different levels erect trees occur, consisting of SigillaritB, Ze- 
pidodendron^ Calamites, and other genera. In one place eight erect 
trunks, with roots and rootlets attached to them, were seen at the 
same level, within a horizontal space 80 feet in length. Beds of coal 
of various thickness are interstratified. Taking into account forty- 
one clays, filled with roots of Stigmaria in their natural position, 
and eighteen layers of upright trees at other levels, there is, on the 
whole, clear evidence of at least fifty-nine fossil forests, ranged one 
above the other, in this coal-field, in the above-mentioned thickness 
of strata.* 

The fossil shells of Cape Breton and those of the Nova Scotia 
section, consist of species of Unionidcc^ or an allied extinct family. 
None of them agree with any shells known in the marine carboni- 
ferous limestones. In some strata the shells of an annelid allied to 
the genus Spirorbis (see fig. 545.) seem to indicate brackish water ; 
but we ought never to be surprised if, in pursuing the same stratum, 
we should come either to a freshwater or a purely marine deposit ; 
for this will depend upon our taking a direction higher up or lower 
down the ancient j iver or delta deposit. 

In the strata above described, the association of clays supporting 
upright trees, with other ]>ed8 containing brackish-water shells, im- 
plies such a repeated change in the same area, from land to sea and 
from sea to land, that here, if anywhere, we sliould expect to meet 
with evidenct' of the full of rain on ancient sea-beaches. Accordingly, 
rain-prints were seen by Dr. Dawson and myself at various levels, but 
ilio most perfect hitherto observed were discovered by Mr. Brown 
near Sydney in Cape Breton. They consist of very delicate impres- 
sions of rain -drops on greenish slates, with several worm-tracks 
{a, by fig. 542.), such as usually accompany rain-marks on the recent 
mud of the Bay of Fundy, aud other modern beaches. 


Fig. M2. Fig. 543. 



Fig. 642. Carbonlferoui rain-prints with worm-tracks (a, hi) on green shale, from Cape 
Breton, Nora Scotia. Natural size. 

Fig. 543. Casts of raln-prints.on a portion of the same slab, fig. 542., seen on the under 
side of an incumbent layer of arenaceous shale. Natural size. 

The arrow represents the supposed direction of the shower. 

* Geol. Quart. Joura., vol ii. p. 393. ; and vol. rip. 115. 
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The casts of rain*priuts ia figs. 543. and 544., project from the 
under side of two layers, occurring at difleront levels, tlie one a 
sandy shale, resting on the green shale (fig. 542.), the otlier a sand- 


g. W4. 



C'asti of carbon ift*rn»< rain*|>rints and ithrinkiigc-cr.u'ka (a) on tb^ under fide of » 
layer of saniUtone, (’apt* itretuu, Nt>va Scotia Xaturai itxc- 


stone presenting a similar warty or hlisteretl surface, on which are 
also observable some small ridges as at a, wliich stand out in relief, 
and afford evidence of cracks formed by the shrinkage of subjacent 
clay, on which rain bad fallen. Many of the jissociated sandstones 
are ripple-marked. 

The great humidity of tlie climate of the Coal period had been 
])reviously inferred from the nature of its vegetation and the con- 
tinuity of its forests for hundreds of miles ; hut it is satisfactory 
to have at length obtained such positive proofs of showers of 
rain, the drops of which resembled in their average size those 
which now fall from the clouds. From such data >ve may presume 
that the atmosphero of the Carboniferous period corresponded in 
density with that now investing the globe, and that different currents 
of air varied then as now in temperature, so as to give rise, by their 
mixture, to the condensation of aqueous vapour. 

Tlie more closely the strata productive of coal have been studied, 
the greater has become the force of the evidence in favour of their 
having originated in the manner of modern deltas. Tliey display a 
vast thickness of stratified mud and fine sand without pebbles, and 
in them are seen countless stems, leaves, and roots of terrestrial 
plants, free for the most part from al^ intermixture of marine 
remains — circumstances which imply the persistency in the same 
region of a vast body of fresh water. Tliis water was also charged, 
like that of a great river, with an inexhaustible supply of sediment, 
which seems to have been transported over alluvial plains so far 
from the higher grounds that all coarser particles and gravel were 
left behind. Such phenomena imply the drainage and denudation 
of a Continent or large island, having within it one or more ranges 
of mountains. The partial intercalation of brackish-water beds at 
certain points is equally consistent with the theory of a delta, the 
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lower parts of which are always exposed to bo overflowed by tlie 
sea, even where no oscillations of level are experienced. 

The purity of the coal itself, or the absence in it of earthy par- 
ticles and sand, throughout areas of vast extent, is a fact which 
appears very difflcult to explain when we attribute each coal-seam 
to a vegetation growing in swamps. It has been asked how, during 
river inundations capable of sweeping away the leaves of ferns and 
the stems and roots of SigillaricB and other trees, could the waters 
fail to transport some fine mud into the swamps ? One generation 
after another of tall trees grew with their roots in mud, and their 
leaves and prostrate trunks formed layers of vegetable mutter, which 
was afterwards covered with mud since turned to shale. Yet the 
coal itself, or altered vegetable matter, remained all the while 
unsoil(‘d by earthy particles. This enigma, however perplexing at 
first siglit, may, I think, be solved by attending to what is now 
takifig place in deltas. The dense growth of reeds and herbatre 
wliicli encompasses the margins of forest-covered swamps in the 
\}dley and delta of the Mississippi is such that the fluviatile waters, 
ifi passing through them, are filtered and made to clear tliemselves 
(‘utirely before they r(‘ach the areas in which vegetable matter may 
accumulate for centuries, forming coal if the climate he favourable^ 
There is no possibility of the least intermixture of earthy matter in 
such cases. Thus in the largo submerged tract called the “ Sunk 
Country,” near New Madrid, forming part of the western side of the 
valley of the Mississippi, erect trees have been standing ever since 
the year 1811-12, killed by the great earthquake of that, date; 
lacustrine and swamp plants have been growing there in the 
shallows, and several rivers liave annually inundated the whole 
space, and yet have been unable to carry in any sediment within 
the outer boundaries of the morass, so dense is the marginal belt of 
reeds and brushwood. It may be affirmed that generally in the 
“ cypress swamps ” of the Mississij>pi no sediment mingles wdth the 
vegetable mutter accumulated there from the decay of trees and 
semi-aquatic plants. As a singular proof of this fact, I may mention 
that whenever any part of a swamp in Louisiana is dried up, during 
an unusually hot season, and the wood set on fire, pits are burnt 
into the ground many feet deep, or as far down as the fire can descend, 
without meeting with water, and it is then found that scarcely any 
residuum or earthy matter is left.* At the bottom of all these “ cy- 
press swamps ” a bed of clay is found, with roots of the tall cypress 
{Tdxodium di$tichum)j as the underclays of the coal are filled 
with Stigmaria. 

It has been already stated that the carboniferous strata at the 
South Joggins, in Nova Scotia, are nearly three miles thick, and 
the coal-measures are ascertained to be of vast thickness near Pictou, 
more than 100 miles to the eastward. If, therefore, we speculate on 

* Lyell’s Second Visit to the U. S., vol. iL p. 245. ; and American Journ. of 
Science, Second Series, vol. v. p. 17. 
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the probable volume of solid matter, contained in the Nova Scotia 
coal-fields, there appears little danger of erring on the side of excess 
if we take the average thickness of the l>ed8 at 7500 feet, or about 
half that ascertained to exist in one carefully-measured section. 
As to the area of the coal-field, it includes a large part of New 
Brunswick to the west, and extends north to Prince Edward s 
Island, and probably to the Magdalen Isles. When we add the Cape 
Breton beds, and the connecting strata, which must have been 
denuded or are still concealed beneath the waters of the Gulf of St. 
Lawrence, we obtain an area comprising about 36,000 square milfv'*. 
This, with the thickness of 7500 feet before assumed, will givt^ 
51,000 cubic miles of solid matter as the volume of the carbouilertHis 
rocks. 

According to the latest estimate of the annual discharge of water 
by the Mississippi, and the proportion of sediment held in su^peiK^ion 
in its waters at different setisons of the year, after making due 
allowance for the sand and coarser particles pushed along tlu* bottom, 
it would take, according to the late survey of Messrs. Ilumphreys 
and Abbot, more than a million years lor the great river to carry 
down from the continent to the gulf an amount of solid matter equal 
to that of the rocks above alluded to.* 

The Ganges, according to the data supplied tome by Mr. Everest 
and Captain Stnvchey, conveys so mueh larger a volume of solid 
matter annually to the Bay of Bengal, that it might acconqdish a 
similar task in 375,000 years. 

As the lowest of the carboniferous strata of Nova Scotia, like the 
middle and uppermost, consist of shallow-water beds, the whole 
verlieal subsidence of three miles, at the South Joggins, must Ipive 
taken place gradually. Even if this depression was brought about 
ill the course of 375, (XX) years, it may have been accomplished at 
the average rate of 4 feet in a century, resembling that now ex- 
perienced in certain countries, where, whether the movement b(3 
upward or downward, it is quite insensible to the inhabitants, and 
only known by scientific inquiry. If, on the other hand, it was 
brought about in rather more than a million of years according to 
the other standard before alluded to, the rate would be little more 
than a foot in a century. The same movement taking place in an 
upward direction would be sufficient to uplift a portion of the earth s 
crust to the lieight of Mont Blanc, or to a vertical elevation of three 
miles above the level of the sea. 

The delta of the Ganges presents in one respect a striking parallel 
to the Nova Scotia coal-field, since at Calcutta, at the depth of eight 
or ten feet from the surface, the buried stools of trees with their roots 
attached have been found in digging tanks, indicating an ancient 
soil now underground ; and, in boring on the same site for an Arte- 
sian well, to the depth of 481 feet, other signs of ancient forest- 

* Principles of Geology, 9th cd., 1853, p. 273. ; and Antiquity of Man, 
3rd ed., Appendix D., p. 52*2. 
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covered lands and peaty soils have been observed at several depths, 
even as far down as 300 feet and more below the level of the sea* 
As the strata pierced through contained freshwater remains of 
recent species of plants and animals, they imply a subsidence which 
has been going on contemporaneously with the accumulation of 
fluviatile mud. 

In the English coal-fields the same association of fresh, or rather 
brackisli-water strata, with marine, in close connection with beds of 
coal of terrestrial origin has been frequently recognized. Thus, 
for example, a deposit near Shrewsbury, probably formed in 
brackish water, has been described by Sir R. Murchison as the 
youngest member of the carboniferous series of that district, at 
the point where the coal-measures are in contact with the Permian 
or “ Lower New Red.” It consists of shales and sandstones about 
loO feet thick, with coal and traces of plants; including a bed 
of limestone varying from 2 to 9 feet in thickness, which is cellular, 
and resembles some lacustrine limestones of France and Germany. 
It has been traced for 30 miles in a straight line, and can ]>e 
recognized at still more distant points. The characteristic fossils 
are a small bivalve, having the form of a Cyclas or Cyrena, also 
a small « ntoinostracan which may be a Cypris^ or, if marine, a 
Cy there (fig. r)‘i6.), and the microscopic shell of an annelid of an 
extinct genus called Microconchus (fig. 545.) allied to Setpida or 
Spirorbis, 


Fig. 



a. }ftrrocovchus (Sptrorh s) 

cfubimartfu. Nat. vue, 
iiiul inagiuticd 

b, var. uf same. 


Flp. .-SiG. 

Q 

WjH^m Cyprta * inflata (or Cy there f ). 

Nat. fizp. and magnified. 
Murchison.* 



In the lower coal-measures of Coalbrook Dale, the strata, accord- 
ing to Mr. Prestwich, often change completely within very short 
*^7, distances, beds of sandstone passing hori- 


zontally into clay, and clay into sand- 
stone. The coal-seams often wedge out 
or disappear ; and sections, at places 
nearly contiguous, present marked litho- 
logical distinctions. In this single field, 
in which the strata are from 700 to 800 
feet thick, between forty and fifty 
species of terrestrial plants have been 
Limuius rotundntus, Pre«twJch- ^iscovered, besides several fishes of the 

Coal, Coalbrook Dale. genera Megalichthys, Holoptyckius, and 

others. Crustacea are also met with, of the genus Limuius (see fig. 



* Silurian System, p. 84 . 
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547. ), resembling in all essential characters the Limvli of the Oolitic 
period, and the king-crab of the modern seas. They were smaller, 
however, than the living form, and had the abdomen deeply grooved 
across, and serrated at its edges. In this 8{>ecimen the tail is wanting ; 
but in another, of a second species, from Coalbrook Dale, the tail is 
seen to agree with that of the living Limulus. 

The perfect carapace of a long-tailed or decapod crustacean bus 
also been found in the iron-stone of these strata by Mr, Ick (see fig. 

548. ). It is referred by Mr, Salter to Glyphea, a genus also occur- 
ring in the Lias and Oolite. There are also 
upwards of forty species of mollusca, among 
which are two or three referred to the fresh- 
water genus f'/iio, and others of marine 
forms, such as NautiluSy Ort/toceraSy Spirifery 
and Prwiuctits. Mr. Prestwich suggests that 
the intermixture of beds containing fresh- 
water shells with others full of marine remains 
and the alternation of coarse sainhstone and 
conglomerate witli beds of fine clay or shale 
containing the remains of plants, may be ex- 
plained by supposing the deposit of Coalbrook 

, Tilt' oltk'is' rei or«U‘il cU'i hpod (or 

Dale to have originated in a bay of tlie sea lonij-tai'tiiurtis atean Coai* 

. 1 *3 11 me.uurt", (ouUirook Dale. 

or estuary into winch flowed a considerable 
river subject to occasional freshes.* 

One or more species of scorpions, two beetles of the family Curcu^ 
lionidcEy and a neuropterous insect resembling the genus CorydaliSy 
and another related to Phasmidcp, have been found at Coalbrook 
Dale. From the coal of Wetting in Westphalia several specimens 
of the cockroach or Blatta family, and the wing of a cricket {Acri* 
dites)y have been described by Gerinar.f 

More recently (1854) Mr. Fr. Goldenberg has published descri]!- 
tions of no less than twelve species of insects from the nodular 
clay-iron-stone of Saarbriick, near Treves. J They are associated 
with the leaves and branche.s of fos.^^il ferns. Among them are 



Fig. 549. 



Wing of a Grajshopper. 
Gryliacris Uthanthraca^ Goldenberg. 
Coal, Saarbriick, near Treves. 


♦ Prestwick, GeoL Trans., Sec. Series, 1842. 
vol. V. p. 440. X Paleeont, Danker and V. Meyer, 

t See Munster's Beitr., vol. v.PI. 13., voL iv. p. 17. 


492 


CLAY-IKON-STOXE. 


[Ch. XXIV. 


several Blntiinm, three npecies of Keuroptern, one beetle of the 
^carahmuB family, a grasBhopper or locust, Gryllacris (see fig. 549.), 
and Bcveral white ants or Termites* These newly-added species 
probably outnumber all we knew before of the foSv4il insects of the 
coal. 

In the Edinburgh coal-field, at Burdiehouse, fossil fishes, mollusks, 
and cyprides (?), very similar to those in Shropshire and Staffordshire, 
have been found by Dr. Hibbert. In the coal-field also of Yorkshire 
there are freshwater strata, some of whicli contain shells referred 
to the family Unionidcp ; but in the midst of the series there is one 
thin but very widely-spread stratum, abounding in fishes and marine 
shells, such us Goniatitvs lAsteri{fig. 550.), Orthoceras^ ernii Avicula 
'i, Guldf. (fig. 551.). 




(ionrattiii Liitni, Martm, sp. Avtmla pnjti^riunt, Golilf. 

{Pecii'n jHipyriiccus^ Sow.) 


No similarly intercalated layer of marine shells has been noticed 
in the neighbouring cuubfield of Kewcasth', wliere, as in South 
Wales and Somersetshire, the marine deposits are entirely below 
those containing terrestrial and fresliwatcr remains.* 

Clay-iron~st(me , — Bands and nodules of clay-iron-stone are com- 
mon in coal-measures, and are formed, says Sir 11. De la Beche, 
of carbonate of iron mingled rneehanically with earthy matter, 
like that constituting the shales. Mr. Hunt, of the Museum of 
Practical Geology, instituted a series of experiments to illustrate 
the production of this substance, and found that decomposing vege- 
table matter, such as would be distributed through all coal strata, 
prevented the farther oxidation of the proto-salts of iron, and con- 
verted the peroxide into protoxide by taking a portion of its oxygen 
to form carbonic acid. Such carbonic acid, meeting with the pro- 
toxide of iron in solution, would unite with it and form a carbonate 
of iron ; and this mingling with fine mud, when the excess of car- 
bonic acid was removed, might form beds or nodules of argillaceoUvS 

iron-stone.f 

* Phillips; art. “Geology,” Encyc. f Memoirs of Geol. Survey, pp. 51. 
Metrop., p. 592. 255., &c. 
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CHAPTER XXV. 

C ARBOKIFEROCS GROri' — COTititi Ucd, 

Coal-fields of the United Stales — Section of the country between the Atlantic and 
Mississippi — l*osition of land in the curboniferous |H!riod ctistward of the Ab 
le;:hanies — Mechanically fonned rocks thinning out westward, and liiiiestoncb 
thickening — Uniting of many coal-seams into one thick bed — Horizontal ci»al 
at Brownsville, Pennsylvania — Vast extent and continuity of single seams of 
coal — Ancient river-channel in Forest of Dean coal-field — Climate of car- 
boniferous j>enod — Insects in coal — Rarity of air-breathing animals — Groat 
number of fossil fish — First discovery of the skeletons of f(»ssil reptiles — Ftxd- 
prints of reptilians — First land-sliell fimiul — Unrity of air-breathers, whether 
^crlcb^^!e or invertebrate, in Coal-mcasuics — Mountain liiiicstoue — Its corals 
and marine shells. 

It was stated in the last chapter that a great unifurinity prevails in 
the fossil plants of the coal-measures of Fai rope and North America; 
and I may add that four-fifths of those collected in Nova Scotia have 
been identified with European species. Hence the former existence, 
at the remote period under considcTation (the carboniferous), of a 
continent or chain of islands where the Atlantic now rolls its waves 
seems a fair inference. Nor are there wanting other and ind(*pen- 
dent proofs of such an ancient land situated to the eastward of the 
present Atlantic coast of Nortli America ; for the geologist deduces 
the same conclusion from the mineral composition of the carbonifer- 
ous and some older groups of rocks as they are dcvelojyed on the 
eastern flanks of the Alleglianies, contrasted witli their character in 
the low country to the westward of those mountains. 

The annexed diagram (fig. 552.) will assist the reader in under- 
standing the phenomena now alluded to, altliough I must guard him 
against supposing that it is a true section. A great number of 
details have of necessity been omitted, and the scale of heights and 
horizontal distances are unavoidably falsified. 

Starting from the shores of the Atlantic, on the eastern side of 
the Continent, we first come to a low region (a b), which was called 
the alluvial plain by the first geographers. It is occupied by tertiary 
and cretaceous strata, before described (pp. 240. ^)6. and S/k'I.), 
which are nearly horizontal. The next l^lt, from b to c, consists of 
granitic rocks (hypogene), chiefly gneiss and mica-schist, covered 
occasionally with unconformable red sandstone, No. 4. (New Red or 
Trias?), remarkable for its footprints (see p. 452.). Sometimes, also, 
this sandstone rests on the edges of the disturbed paleozoic rocks (as 
seen in the section). The region (b c), sometimes called the ** Atlan- 
tic Slope,” corresponds nearly in average width with the low and fiat 
plain (a b), and is characterized by hills of moderate height, con- 
trasting strongly, in their rounded shape and altitude, with the long, 



Fig. 552. 

Diagram explanatoiT’ of the geological structure of a part of the United States between the 

Atlantic and the Mississippi. 

Length from E. to W. 850 miles. 


494 GEOLOGICAL 8TEUCTUBE OF UMITBD STATES. [CitXXT. 




CARBONIFEROUS OROtlP, 


Ch-XXV.] 


495 


steep, and lofty parallel ridges of the Alleghany mountains. The 
out-crop of the strata in these ridges, like the two belta of hypogene 
and newer rocks (a b, and b c \ above alluded to, when laid down 
on a geological map, exhibit long stripes of different colours, run- 
ning in a N.E. and S.W. direction, in the same way as the lias, 
chalk, and other secondary formations in the middle and eastern half 
of England. 

Tlie narrow and parallel zones of the Appalachians, here men- 
tioned, consist of strata, folded into a succession of convex and con- 
cave flexures, subsequently laid open by denudation. The compo- 
nent rocks are of great thickness, all referable to the Silurian, 
Devonian, and Carboniferous formations. There is no principal or 
central axis, as in the Pyrenees and many other chains — no nucleus 
to which all the minor ridges conform; but the chain consists of 
many nearly equal and parallel foldings, having what is termed an 
anticlinal and synclinal arrangement (see above, p. 48.). This sys- 
tem of hills extends, geologically considered, from Vermont to Ala- 
bama, being more than ICXX) miles long, from oO to 150 miles broad, 
and varying in height from 2000 to 6(K)0 feet. Sometimes the whole 
assemblage of ridges runs perfectly straight for a distance of more 
than 50 miles, after which all of them wheel round altogether, and 
take a new direction, at an angle of 20 or 30 degrees to the first. 

We are indebted to the state surveyors of Virginia and Pennsyl- 
vania, Prof. W. B. Rogers and his brother Prof. H. D. Rogers, for 
the important discovery of a clue to the general law of structure 
prevailing throughout this range of mimntains, which, however sim- 
ple it may appear when once made out and clearly explained, might 
long have been overlooked, amidst so great a mass of complicated 
details. It appears that the bending and fracture of the beds is 
greatest on the south-eastern or Atlantic side of the chain, and the 
strata become less and less disturbed as we go westward, until at 
length they regain their original or horizontal position. By refer- 
ence to the section (fig. 552.), it will be seen that on the eastern side, 
or in the ridges and troughs nearest the Atlantic, south-eastern dips 
predominate, in consequence of the beds having been folded back 
upon themselves, as in t, those on the north-western side of eacli 
arch having been inverted. The next set of arches (such as k) aro 
more open, each having its western side steepest ; the next (1) open 
out still more widely, the next (m) still more, and this continues 
until we arrive at the low and level part of the Appalachian coal- 
field (d e). 

In nature or in a true section, the number of bendings or parallel 
folds is so much greater that they could not be expressed in a dia- 
gram without confusion. It is also clear that large quantities of 
rock have been removed by aqueous action or denudation, as will 
appear if we attempt to complete all the curves in the manner indi- 
cated by the dotted lines at i and A. 

The movements which imparted so uniform an order of arrange- 
ment to this vast system of rocks must have been, if not contempo- 
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raneous. at least parts of one and the same series, depending on some 
common cause. Their geological date is well defined, at least within 
certain limits, for they must have taken place after the deposition of 
the carboniferous strata (No. 6.), and before the formation of the red 
sandstone (No. 4.), The greatest disturbing and denuding forces 
have evidently been exerted on the south-eastern side of the chain ; 
and it is hero that igneous or plutonic rocks are observed to have 
invaded the strata, forming dykes, not expressed in the section, some 
of which run for miles in lines parallel to the main direction of the 
Appalacliians, or N.N.E. and S.S.W. 

The tliickness of the carboniferous rocks in the region c is very 
great, and diminishes rapidly as we proceed to the westward. Tlie 
surveys of Pennsylvania and Virginia show that the south-east was 
the quarter whence the coarser materials of these strata were derived, 
so that the ancient land lay in that direction. The conglomerate 
which forms the general base of the coal-measures is 1500 feet thick 
in the Sharp Mountain, where I saw it (at c) near Pottsville ; whereas 
it has only a thickness of 500 feet, about thirty miles to the north- 
west, and dwindles gradually away when followed still farther in the 
same direction, until its thickness is reduced to 30 feet.* The lime- 
stones, on the other hand, of the coal-measures augment as we trace 
them westward. Similar observations have been made in regard to 
the Silurian and Devonian formations in New York ; the sandstones 
and all the mechanically-formed rocks thinning out as they go west- 
ward, and the limestones thickening, as it were, at their expense. It 
is, therefore, clear tiiat the ancient land was to the east, where the 
Atlantic now is ; the deep sea, -with its banks of coral and shells to 
the west, or where the hydrographical basin of the Mississippi is 
now situated. 

In that region, near Pottsville, 'where jthe thickness of the coal- 
measures is greatest, there are thirteen seams of anthracitic coal, 
several of them more than 2 yards thick. Some of the lowest of 
these alternate witli beds of white grit and conglomerate of coarser 
grain than I ever saw elsewhere, associated with pure coal. The peb- 
bles of quartz are often of the size of a hen’s egg. On following these 
pudding-stones and grits for several miles from Pottsville, by Tama- 
qua, to the Lehigh Summit Mine, in company with Mr. H. D. 
liogers, in 1841, he pointed out to me that the coarse-grained strata 
and their accompanying shales gradually thin out, until seven seams 
of coal, at first widely separated, are brought nearer and nearer 
together, until they successively unite ; so that at last they form 
one mass, between 40 and 50 feet thick. I saw this enormous bed of 
anthracitic coal quarried in the open air at Mauch Chunk (or the 
Bear Mountain), the overlying sandstone, 40 feet thick, having been 
removed bodily from the top of the hill, which, to use the miner’s 
expression, had been “scalped.” The accumulation of vegetable 
matter now constituting this vast bed of anthracite, may perhaps, 
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before it was condensed hj pressure and the discharge of its 
hydrogen, oxygen, and other Toladie ingredients, hare been between 
200 and 300 feet thick. The origin of such a vast thickness of 
vegetable remains, so unmixed with earthy ingredients, can, I think, 
be accounted for in no other way, than by the growth, during thou- 
sands of years, of trees and ferns, in the manner of peat, — a theory 
which the presence of the Stigmaria tit situ under each of the seven 
layers of anthracite, fully bears out. The rival hypothesis, of the 
drifting of plants into a sea or estuary, leaves the absence of sedi- 
ment, or, in this case, of clay, sand, and pebbles, wholly unexplained. 

But the student will naturally ask, what can have caused so many 
seams of coal, after they had been persistent for miles^ to come to- 
gether and blend into one single seam, and that one equal in the 
aggregate to the thickness of the several separate seams ? Often had 
the same question been put by English miners before a satisfactory 
answer was given to it by the late Mr. Bowman. The following is 
bis solution of the problem. Let a a\ fig. 553., be a mass of vege- 


Flg. 653. 



Fig. 664. 





table matter, capable, when condensed, of forming a 3-foot seam of 
coal. It rests on the underclay h b\ filled with roots of trees in situ, 
and it supports a growing forest (c d). Suppose that part of the 
same forest d e had become submerged by the ground sinking down 
25 feet, so that the trees have been partly thrown down and partly 
remain erect in water, slowly decaying, their stumps and the lower 
parts of their trunks being enveloped in layers of sand and mud, 
which are gradually filling up the lake d f. When this lake or 
lagoon has at length been entirely silted up |uad converted into land, 
say, in the course of a century, the forest c d will extend once more, 
continuously over the whole area c f, as in fig. 554., and another mass 
of vegetable matter g'), forming 3 feet more of coal, may accu- 
mulate from c to F. We then find in the region f, two seams of 
coal (a' and g*) each 3 feet thick, and separated by 25 feet of sand- 
stone and shale, with erect trees based upon the lower coal, while, 
between d and c, we find these two seams united into a 2-yard coal. 
It may be objected that the uninterrupted growth of plants during 
the interval of a century will have caused the vegetable matter in 
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the region c i> to be thicker than the two distinct seams a' and g' at 
F ; and no doubt there would actually be a slight excess representing 
otto generation of trees with tlie remains of other plants, forming 
half an inch or an inch of coal; but this would not prevent the 
miner from affirming that the seam a throughout the area c d, 
was equal to the two scams a' and gf at r. 

The reader has seen, by reference to the section ( fig. 552. p. 
494.), that the strata of the Appalachian coal-field assume an 
liorizontal position west of the mountains. In that less elevated 
country, the coal-measures are intersected by three great navigable 
rivers, and are capable of furnishing for ages, to the inhabitants of a 
dtmsely peopled region, an inexhaustible supply of fuel. These 
rivers are the Monongaliola, the Alleghany, and the Ohio, all of 
which lay open on their banks the level seams of coal. Looking 
down the first of these at Brownsville, we have a fine view of the 
main seam of bituminous coal 10 feet thick, commonly called the 
Pittsburg seam, breaking out in the steep clift' at the water’s edge ; 
and I made the accompanying sketch of its appearance from the 
bridge over the river (see fig. 555.). Here the coal, 10 feet thick, is 
covered by carbonaceous shale (5), and this again by micaceous sand- 
stone (c). Horizontal galleries may be driven everywhere at very 
slight expense, and so worked as to drain themselves, while the cars, 
laden with coal and attached to each other, glide down on a railway, 
so as to deliver their burden into barges moored to the river’s bank. 
The same seam is seen at a distance, on tlie right bank (at a), and 
may bo followed the whole way to Pittsburg, fifty miles distant. As 
it is nearly horizontal, while the river descends it crops out at a con- 
tinually increasing, but never at an inconvenient, height above the 
Monongahela. Below the great bed of coal at Brownsville is a fire- 
clay 18 inches thick, and below this, several beds of limestone, below 
which again are other coal seams. I have also shown in my sketch 
another layer of workable coal (at d d\ which breaks out on the 
slope of the hills at a greater height. Here almost every proprietor 
can open a coal-pit on his own land, and the stratification being very 
regular, he may calculate with precision the depth at wliich coal may 
be won. 

The Appalachian coal-field, of which these strata form a part 
(from c to E, section, fig. 552. p. 494.), is remarkable for its vast 
area ; for, according to Professor H. D. Rogers, it stretches continu- 
ously from N.E. to S.W., for a distance of 720 miles, its greatest 
width being about 180 miles. On a moderate estimate, its superficial 
area amounts to 63,000 square miles. 

This coal-formation, before its original limits were reduced by 
denudation, must have measured 9(X) miles in length, and in some 
places more than 200 miles in breadth. By again referring to the 
section (fig. 552. p. 494 ), it will be seen that the strata of coal are 
horizontal to the westward of the mountains in the region d e, and 
become more and more inclined and folded as we proceed eastward. 
Now it is invariably found, as Professor H, D, Rogers has shown by 
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cbemiqal analysis, that the coal is most bituminous towards its 
western limit, where it remains level and unbroken, and that it 
becomes progressively debituminized as we travel south-eastward 
towards the more bent and distorted rocks. Thus, on the Ohio, the 
proportion of hydrogen, oxygen, and other volatile matters ranges 
from forty to fifty per cent Eastward of this line, on the Mononga* 
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hela, it still approaches forty per cent., where the strata begin to ex- 
perience some gentle flexures. On entering the Alleghany Moun- 
tains, where tlie distinct anticlinal axes begin to show themselves, 
but before the dislocations are considerable, the volatile matter is 
generally in the proportion of eighteen or twenty per cent. At 
length, when we arrive at some insulated coal-fields (5', fig. 552.) as- 
sociated with the boldest flexures of the Appalachian chain, where 
the strata have been actually turned over, as near Pottsville, we 
find the coal to contain only from six to twelve per cent, of bitumen, 
thus becoming a genuine anthracite.^ 

It aj)peara from the researches of Liebig and other eminent 
chemists, that when wood and vegetable matter are buried in the 
earth exposed to moisture, and partially or entirely excluded from 
the air, they decompose slowly and evolve carbonic acid gas, tlius 
jiarting with a portion of their original oxygen. By this means, 
they become gradually converted into lignite or wood-coal, which 
contains a larger proportion of hydrogen than wood does. A con- 
tinuance of decomfmsition changes this lignite into common or bitu- 
minous coal, chiefly by the discharge of carburetted hydrogen, or the 
gas by which we illuminate our streets and houses. According to 
Bischoif, the inflammable gases which arc always escaping from 
mineral coal, and are so often the cause of fatal accidents in mines, 
always contain carbonic acid, carburetted hydrogen, nitrogen, and 
olifiant gas. The disengagement of all these gradually transforms 
ordinary or bituminous coal into anthracite, to which the various 
names of splint-coal, glance-coal, hard-coal, culm, and many others, 
have been given. 

We have seen that, in the Appalachian coal-field, there is an 
intimate connection between the extent to which the coal has parted 
with its gaseous contents, and the amount of disturbance which the 
strata have undergone. The coincidence of these phenomena may 
be attributed partly to the greater facility afforded for the escape of 
volatile matter, where the fracturing of the rocks had produced an 
infinite number of cracks and crevices, and also to the heat of the 
gases and water penetrating these cracks, when the great movements 
took place, which have rent and folded the Appalachian strata. It 
is well known that, at the present period, thermal waters and hot 
vapours burst out from the earth during earthquakes, and these 
would not fail to promote the disengagement of volatile matter from 
the carboniferous rocks. 

Continuity of seams of coal — As single seams of coal are con- 
tinuous over very wide areas, it lias been asked, how forests could 
have prevailed uninterruptedly over such wide spaces. In reply, it 
may be sstid that swamp-forests in one delta may extend for 25, 50, 
or 100 miles, while in a contiguous delta, as on the borders of the 
Gulf of Mexico, another of precisely the same character may be 
growing ; and these may in after ages appear to geologists to have 
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been continuous, although in fact they were simply contemporaneous. 
Denudation may easily be imagined in such cases as the cause of in- 
terruptions, which were in fact, original. But as in all the American 
coal-ficlds there are numerous root-beds without any superincumbent 
coal, we may presume that frequently layers of vegetable matter 
were removed by floods ; and in Other cases, where the stigmaria-clays 
are for a certain space covered with coal, and then prolonged witli- 
oiit any such covering, the inference of partial denudation is still 
more obvious. 

In the Forest of Dean, in Gloucestershire, ancient river-channels are 
found, which pass through beds of coal, and in which rounded pebbles 
of coal o6cur. They are of older date than the overlying and undis- 
turbed coar-measures. The late Mr. Buddie, who descril)ed them to 
me, told me he had seen similar phenomena in the Newcastle coal-field. 
Nevertheless, instances of these channels are much more rare than 
we might have anticipated, especially when wo remember liow often 
the roots of trees (Stigmarue) have been torn up, and drifted in 
broken fragments into the grits and sandstones. The prevalence of 
a downward movement is, no doubt, the principal cause which has 
saved so many extensive seams of coal from destruction by fluviatile 
action. 

Climate of Coal Period. — So long as the botanist taught that a 
tropical climate was implied by the carboniferous flora, geologists 
might well be at a loss to reconcile the prescTvation of so much vege- 
table matter with a high temperature ; for heat liastens the decompo- 
sition of fallen leaves and trunks of trees, whether in the atmosphere 
or in water. It is well known that peat, so abundant in the bogs of 
high latitudes, ceases to grow in the swamps of warmer regions. 
It seems, however, to have become a more and more received opinion, 
that the coal-plants do not, on the whole, indicate a climate resem- 
bling that now enjoyed in the equatorial zone. Tree-ferns range as 
far south as the southern part of New Zealand, and Araucarian pines 
occur in Norfolk Island and Chili. A great predominance of ferns 
and lycopodiums indicates moisture, equability of temperature, and 
freedom from fro.st, rather than intense heat; and we know too little 
of the sigillariae, calamites, asterophyllites, and other j>eculiar forms 
of the Carboniferous period, to be able to speculate with confidence 
on the kind of climate they may have required. 

The same may be said of the corals and cephalopoda of the 
Mountain Limestone, — they belong to families of whose climatal 
habits we know nothing; and even if they should be thought to 
imply that a warm temperature characterized the northern seas in 
the carboniferous era, the absence of cold may have given rise (as at 
present in the seas of the Bermudas, under the influence of the 
gulf-stream) to a very wide geographical range of stone-building 
corals and shell-bearing cuttle-fish, without its being necessary to 
call in the aid of tropical heat 
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Where we have evidence in a single coal-field, as in that of Nova 
Scotia, or of South Wales, of fifty or even a hundred ancient forests 
buried one above the other, with the roots of trees still in their 
original position, and with fiome of the trunks still remaining erect, 
we are apt to wonder that until the year 1844 no remains of contem- 
poraneous air-breathing creatures should have been discovered. No 
vertebrated animals more highly organized than fish, no mammalia 
or birds, no saurians, frogs, tortoises, or snakes were known in rocks 
of such high antiquity. In the coal-fields of Europe mention has 
been made of beetles, locusts, and a few other insects, but no land- 
shells have even now been met with. Agassiz described in his great 
work on fossil fishes more than one hundred and fifty species of ich- 
thyolitc‘s from the coal-strata, ninety-four belonging to the families of 
shark and ray, and fifty -eight to the class of ganoids. Some of these 
fish are very remote in their organization from any now living, espe- 
cially those of the family called Sauroid by Agassiz ; as Megalich- 
thySy Holoptychius, and others, which were often of great size, and all 


predaceous. Their osteology, says M. Agassiz, reminds us in many 
respects of the skeletons of saurian reptiles, 
Fig. 536. close sutures of the bones of the 

skull, their largo conical teeth striated longitu- 
dinally (see fig. 556.), the articulations of the 
8])inous processes with the vertebrae, and other 
characters. Yet they do not form a family in- 
t(Tmediato between fish and reptiles, but are 
true /ish, though doubtless more highly or- 
ganized than any living fish.* 

The annexed figure represents a large tooth 
of the Holopti/chiuSj found by Mr. Horner in the 
channel coal of Fifeshire. This fish probably in- 
habited an estuary, like many of its contempo- 
raries, and frequented both rivers and the sea. 
length, in 1844, the first skeleton of a true 
Hihhtrtts Ag ' announccd from the coal of Miinster- 

Tooth'f'naturil^ialt Rhenish Bavaria, by H. von Meyer, 

under the name of Apateon pedestris, the 
animal being supposed to be nearly related to the salamanders. Three 
years later, in 1847, Prof, von Dechen found in the coal-field of 
Saarbriick, at the village of Lebach, between Strasburg and Treves, 
the skeletons of no less than three distinct species of air-breath- 
ing reptiles, which were described by the late Prof. Goldfuss 
under the generic name of Archegosaurus, The ichthyolites and 
plants found in the same strata left no doubt that these remains 
belonged to the true coal period. The skulls, teeth, and the greater 
portions of the skeleton, nay, even a large part of the skin, of two 
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of these reptiles have been 
faithfully preserved in the 
centre of spheroidal con- 
cretions of clay*iron-ston(v 
The largest of these lijsards, 
ArchegosauruM Dccheni, 
must have been 3 feet 6 
inches long. The annexe d 
drawing represents the 
skull and neck Ixmos of 
the smallest of the thm*, 
of the natural size. They 
were considered by Gold- 
fuss as saurians, but by 
IIt*rnmn von Meyer as most 
nearly allied to the Lahg- 
rint/iodon before mention- 
ed (j). 443.), and iherefore, 
tis having many characters 
intermediate between ba- 
trachinns and saunans. 
The remains of the extre- 
mities leave no doubt that 
they wore quadrujHtls, 
provided,” says Von 
]Meyer, “ with hands and 
feet terminating in distinct 
toes ; but these limbs w^ere weak, serving only for swimming or 
creeping.” The same anatomist has pointed out certain pt»ints 

analogy between their bones and 
those of the Prolciis anguinns ; and 
Prof. Owen has observed that they 
make an approach to the Protean in 
the shortness of their ribs. Two 
specimens of these ancient reptiles 
retain a large part of the ouur 
skin, which consisted of long, nar- 
row wedge-shaped, tile dike, and horny scales, arranged in rows 
(see fig. 558.). 

Cheirotherian footprints in coal-measures. United States, — In 
1844, the very year when the Apateon drr Salamander of the coal 
was first met with in the country betw'een the Moselle and the 
Rhine, Dr. King published an account of the footprints of a large 
reptile discovered by him in North America. These occur in the 
eoal-strata of Greensburg, in Westmoreland County, Pennsylvania ; 
and I had an opportunity of examining them in 1846. I was at once 
convinced of their genuineness, and declared my conviction on that 

♦ Goldfus^ Neae Jcnaische lit. Zeit, 1848 ; and Von Meyer, Qaart Gcol 
Joam.f voL iv. MiseelL p. 51 , 
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Imbricat«d covering of tkin of Arckrgo- 
Mumrus medtui, Oul4f. ; 
magnibod.* 
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pc^nt, on which doubts had been entertained both in Europe and the 
United States. The footmarks were first observed standing out in 
relief from the lower surface of slabs of sandstone, resting on thin 
layers of fine unctuous clay. I brought away one of these masses, 
which is represented in the accompany drawing (fig. 559.). It dis- 


Fig. m 



SeaU one-iitth the original, 

S]jU> of fandftone fi'om Ihe coal-measures of Peunsylrania, with footprints of 
Air-breathing reptile and casts of cracks. 


plays, together with footprints, the casts of cracks («, of) of various 
sizes. The origin of such cracks in clay, and casts of the same, has 
before been explained, and referred to the drying and shrinking of 
mud, and the subsequent pouring of sand into open crevices. It will 
be seen that some of the cracks, as at 6, c, traverse the footprints, 
an produce distortion in them, as might have been expected, for the 
mud must have been soft when the animal walked over it and left 
the impressions ; whereas, when it afterwards dried up and shrank, 
it would be too hard to receive such indentations. 

No less than twenty-three footsteps were observed by Dr. in 
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the same quarry before it was abandoned, the greater part of them 
BO arrang<^ (see fig. 360.) on the surface of one stratum as to imply 


Fig, m 



Series of reptilian footprints in the coai-itraU of Westmoreland 
County, Pennsylvania, 
a. Mark of nail ? 


that they were made successively by the same animal Everywhere 
there was a double row of tracks, and in each row they occur in 
pairs, each pair consisting of a hind and fore foot, and each being at 
nearly equal distances from the next pair. In each parallel row the 
toes turn the one set to the right, the other to the left. In the 
European CAeiro^Aerium, before mentioned (p. 441.), both the hind 
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and the fore feet have each five toes, and the size of the hind foot is 
about five times as largo as the fore foot In the American fossil 
the posterior footprint is not even twice as large as the anterior, 
and the number of toes is unequal, being five in the hinder and four 
in the anterior foot In this, as in the European Cheirotherium^ one 
toe stands out like a thumb, and these thumb-like toes turn the one 
set to the right, and the other to the left. The American Cheiro- 
iherium was evidently a broader animal, and belonged to a distinct 
genus from that of the triassic age in Europe.* 

We may assume that the reptile which left these prints on the 
ancient sands of the coal-measures was an air-breather, because its 
weight would not have been sufficient under water to have made 
impressions so deep and distinct. The same conclusion is also borne 
out by the casts of the cracks above described, for they show that 
the clay had been exposed to the air and sun, so as to have dried and 
shrunk. 

The geological position of the sandstone of Greensburg is perfectly 
clear, being situated in the midst of the Appalachian coal-field, 
liaving the main bed of coal, called the Pittsburg seam, above men- 
tioned (p. 498.), 3 yards thick, 100 feet above it, and worked in the 
neighbourhood, with several other seams of coal at lower levels. 
The impressions of Lepidodendron, Sigillariay Stigmariciy and other 
characteristic carboniferous plants are found both above and below 
the level of the reptilian footsteps. 

Analogous footprints of a largo reptile of still older date were 
afterwards found (1849) at Pottsville, 70 miles N.E. of Philadelphia, 
by Mr. Isaac Lea, in a formation of red shales, called No. XL by 
Prof. H, D, Rogers, in the State Survey of Pennsylvania, and re- 
ferred by him to the base of the coal, but regarded by some geolo- 
gists as the uppermost part of the Old Red Sandstone. A thickness 
of 1700 feet of strata intervenes between the footprints of Greens- 
burg, before described, and these older Pottsville impressions. In 
the same Red Shale, No. XI., the “debateable ground” between 
the Carboniferous and Devonian group, Prof. H. D. Rogers an- 
nounced in 1851 that he had discovered other footprints, referred 
by him to three species of quadrupeds, all of them five-toed and in 
double rows, with an opposite symmetry, as if made by right and 
left feet, while they likewise display the alternation of fore foot and 
hind foot One species, the largest of the three, presents a diameter 
for each footprint of about two inches, and shows the fore and hind 
feet to be nearly equal in dimensions. It exhibits a length of stride 
of about nine inches, and a breadth between the right and left foot- 
steps of nearly four inches. The impressions of the hind feet are but 
little in the rear of the fore feet The animal which made them is 
supposed to have been allied to a Saurian, rather than to a Batra- 
chian or Chelonian. With these footmarks were seen shrinkage 
cracks, such as are caused by the sun’s heat in mud, and rain-spots, 
with the signs of the trickling of water on a wet, sandy beach ; all 
• See Lyell’s Second Visit, &c., voL iu p. 305. 
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confirming the conclusion derired from the footprints, that the 
quadruped belonged to air-breathers, and not to aqudtic races. 

In 1852 tlie first osseous remains of a reptile were obuined from 
the coal-measures of America by Dr. Dawson and myself. VVe de- 
tected them in the interior of one of the erect Sigillarias before al- 
luded to as of such frequent occurrence in Kova Scotia. The tree 
was about 2 feet in diameter, and consisted, as usual, of an external 
cylinder of bark, converted into coal, and an internal stony axis of 
black sandstone, or rather mud and sand stained black by cmbon- 
aceous matter, and cemented together with fragments of wood into 
a rock. These fragments were in the state of charcoal, and seem to 
have fallen to the bottom of the hollow tree while it was rotting 
away. The skull, jaws, and vertebr® .of a reptile, probably about 
2^ feet in length {Dendrerpeton Acadian utUy Owen), were scattered 
through this stony matrix. The shell, also, of a Pupa (see fig. 561. 
p. 508.), the first land-shell ever met with in the coal or in beds 
older than the tertiary, was observed in the same stony mass. Dr. 
Wyman of Boston pronounced the reptile to be allied in structure 
to Menohranchus and Menopomoy 8peci(*8 of batrachians, now in- 
habiting the North American rivers. The same view was after- 
wai’ds confirmed by Professor Owen, who also pointed out the 
resemblance of the cranial j)lant8 to those seen in the skull of 
Archegosaurus and LahyrinthodonJ^ Whether the creature had 
crept into the hollow tree while its top was still open to the4iir, or 
whether it was washed in with mud during a flood, or in whatever 
other manner it entered, must be matter of conjecture. 

Footprints of two reptiles of different sizes had previously been 
observed by Dr. Harding and Dr. Gesner on ripple-marked flags of 
the lower coal-measures in Nova Scotia, evidently made by quiulru- 
peds walking on the ancient beach, or out of the water, just os the 
recent Menopoma is sometimes observed to do. 

The remains of a second and smaller species of Dendrerpcton, D. 
Oweni^ were also found accompanying the larger one, and still re- 
taining some of its dermal appendages ; and in the same tree were the 
bones of a third small lizard-like reptile, Hylonomus Lyelli^ 7 inches 
long, with stout hind limbs, and fore limbs comparatively slender, sup- 
posed by Dr. Dawson to be capable of walking and running on land.f 
In 1854, Prof. Owen described a “ sauroid batracbian” (Baphetes 
planiceps)^ of the Lahyrinihodon family, obtained by Dr. Dawson 
from the coal of Pictou in Nova Scotia. Iia 1 859, another 8f>ecies of 
Hylonomus, twice as large as that above mentioned, was met with ; 
and another reptile of the same family, but distinct genus, was ob- 
tained by Dr. Dawson, named by Owen Hylerpeton. Lastly, in 
1862, Mr. Marsh discovered in the coal-measures of the South 
Joggins in Nova Scotia, two large caudal biconcave vertebrse, 
supposed at first to belong to an Enaliosor, and called £o#ai<na 

* Qeol. Quart Jonm., vol. ix. p. 58. 

f Dawson, Air-fireatbers of the Coal in Nova Scotia. Montreal, 1863. 
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Acadianuif but which, Mr. Huxley suggests, may probably be re- 
ferable to a labyrinthodoDt batrachian. 

Professor Owen had announced the first finding of fossil reptilian 
remains in British coal-measures in 1853. They were referred to a 
new genus of Batrachoids allied to Archegosaurus, and called Para^ 
batrachus. In 1862, a large, new labyrinthodont reptile, Loxomma^ 
from the Edinburgh coal-field, was described by Prof. Huxley, to- 
gether with a second, from the same series of strata, of another new 
genus, called Pholidog aster, a specimen of which, containing the 
head and nearly the whole vertebral column, measured 44 inches in 
length. In the same year a third genus, denominated Anthracosaurus, 
wan founded by the same anatomist on a specimen detected by Mr. 
Russell in the Airdrie black -band ” ironstone of the Glasgow coal- 
field. This labyrinthodont was about 7 feet long, and the skull 15 
inches in length ; thirty-seven teeth were preserved in its jaws, and 
its vcrtebrje were highly ossified, so as to resemble those of the 
Triassic labyrinthodonts of the Mastodonsaurinn type, whereas 
Pholidogaster is supposed by Huxley to be more allied to the 
Archegosaurian division of labyrinthodonts.* Thus, in nineteen 
years, the skeletons or bones of twelve or more species of reptiles 
referred to nine genera have been exhumed from the coal-measures, 
to say nothing of footprints, some of them, like that represented at 
fig. 559., seeming to differ from all those to which any of the known 
bones ^can belong. 

A single species of land-shell. Pupa vetusta, Dawson, see fig. 561., 

Fir. 5f>l. 



a 



a. Pupa petu$ta, Dawson. Nat sUe. e. lurface striae, of the recent EngMihpK;Mi 
A. the same, magnified. juniperi for comparison, magnilied 50 

c. view of the depressed apex. diam. 

* d. surface itrise, magnifleo 60 diam. /. microscopic structure of the shell, showing 

hexagonal cells, magnified 600 diam. 

was mentioned as having been found, in 1852, in the interior of an 
erect fossil Sigillaria in Nova Scotia, p. 507. Dr. Dawson has since 
discovered another bed at a much lower level, in which the same 
♦ Huxley, Quart Geol. Journ., 1862, 1863. 
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shell is very abundant^ a bed separated from the tree containiag 
Dendrerpeton by a mass of strata 1217 feet thick, and comprising 
21 seams of coal. This lower bed is an underclay 7 feet thick, mi\\ 
stigmarian rootlets, and the small land-shells occurring in it are in 
all stages of growth. They are chiefly confined to a layer about 2 
inches thick, and are unraixed with any aquatic shells. They were 
all originally entire when embedded, but are most of them now 
crushed, flattened, and distorted by pressure ; they must have been 
accumulated, says Dr. Dawson, in mud deposited in a pond or creek. ♦ 
The late Prof. Quekett^ to whom I submitted the first specimen 
found in 1852 for microscopical examination, obsiTved that the 
surface striie, on being magnified 50 diameters, rf, fig. 561., pre- 
sented exactly the same appearance as a portion corresponding in 
size of the common English I^pa jttniperi {e, fig. 561.), and a cross- 
section of the fossil shell (/, ibid.) presents the hexagonal cells mag- 
nified 500 diameters, so like those of the recent Pupa that a figure 
of the latter is unneoessary.f 

III a second specimen of an erect stump of a hollow tree 15 inches 
in diameter, the ribbed bark of which showed that it was a Sigillaria, 
and which belonged to the same forest as the specimen examined by 
us in 1852, Dr. Dawson obtained not only fifty specimens of Ptipa 
vetusta and nine skeletons of reptiles belonging to four specie.^, but 
also several examples of an articulated animal resembling the recent 
centipede or gaily- worm, a creature which feeds on decayed vegetable 
matter, see fig. 562. Under the microscope, the head, with the eyes, 

Kig. •%2. 


6 



Xylohui Sigtidari^e^ Dawson. Coal, Nova Scotia. 
a. nat. size. b. anterior part, magnified. c. caudal extremity, magnified* 

mandible, and labrum are well seen. It is intere.sting, as being the 
earliest known representative of the myriapods, none of which had 
previously been met with in rocks older than the oolite or litho- 
graphic slate of Germany. * 

Rarity of Vertebrate and Invertebrate Air-breathers in Coal, 

Before the earliest date above mentioned (1844) it was common to 
hear geologists insisting on the non-existence of vertebrate animals 
of a higher grade than fishes in the Coal, or in any rocks older than 

^ ♦ 3>nw8on. Air-Breathers of the Coal, 
t Quart. Geol. Journ., 1853, vol, ix. p. 58. 
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the Permian. Even now, it may be said, that we have made very 
little progress in obtaining a knowledge of the terrestrial fauna of 
the coal, since the reptiles above enumerated seem to have been 
almost all amphibious. Negative evidence should have its due 
weight in palaeontological reasonings and speculations, but we are as 
yet quite unable to appreciate its value. In the United States, about 
five millions of tons of coal are annually extracted from the coal- 
measures, yet I arn acquainted with no fossil insect which has yet 
been met with in the carboniferous rocks of North America. But, 
as we have detected carboniferous insects in Europe (see p. 491.), no 
one would now conclude that at the period of the Coal this class of 
in vertebra ta was unrepresented in the forests of the Western World. 
In like manner, no land-shell, no Helix, Bulimus, Pupa, or Clausilia, 
nor any aquatic pulmoniferous mollusk, such as Limnea or Planorbis, 
is recorded to have come from the coal of Europe, worked for cen- 
turies before America was discovered, and now quarried on so 
enormous a scale. But no one would now infer that land-shells had 
not been called into existence in European latitudes until after the 
Carboniferous period. 

The theory of progressive development might account plausibly 
for the absence of Chelonian and Saurian reptiles, or of Birds and 
Muinmals, from the Coal-Measures, because it may be supposed that 
at so early a stage in the earth’s history no organic beings higher 
than sauruid bntrachinns had made their appearance. But this 
same theory leaves the scarcity of the invertebrata, or even the 
entire absence of many important sections of them, wliolly unex- 
plained. When we generalize on this subject, we must not forget 
that, so lately as the year 1861, we knew of only two or three 
individual land-shells and some twenty specimens of insects, and 
scarcely double that number of individual reptiles in carboniferous 
rocks, and some of these reptiles had been recognized by the evidence 
of footprints only. We have still but one species of land-shell and 
one centipede. In regard to Archegosaurus, of which there are two 
species, M. Ilermnn von Meyer informed me some years ago that 
the remains of more than 228 individuals passed through his hands 
soon after the true nature of the first specimen was recognized ; 
and we have seen what great progress has since been made in bring- 
ing to light reptilian genera less aquatic in their organization. 
Nevertheless, the rarity of air-breathers is still a very remarkable 
fact, when we reflect that our opportunities of examining strata 
formed in close connection with ancient land exceed in this case all 
that we enjoy in regard to any other formations, whether primary, 
secondary, or tertiary. We have ransacked hundreds of soils replete 
with the fossil roots of trees — have dug out hundreds of erect tranks 
and stumps, which stood in the position in which they gi^w— have 
broken up myriads of cubic feet of fuel still retaining its vegetable 
structure — and, after all, we continue almost as miich in the dark 
respecting the invertebrate air-breathers of this epoch, as if the Coal 
had been thrown down in mid-ocean. The early date of the car- 
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boniferous strata cannot explain the enigma, because we know that 
while the land supported a luxuriant vegetation, the contemporaneous 
aeaa swarmed with life — with Articulata, Mollusca, Radiata, and 
Fishes, We must, therefore, collect more facts, if wo expect to 
solve a problem which, in the present state of science, cannot but 
excite our wonder ; and we must remember how much the conditions 
of tliis problem have varied within the last twenty years. We must 
be content to impute the scantiness of our data and our present 
perplexity partly to our want of diligence as collectors, and {>artly 
to our want of skill os interpreters. Wo must also confess that our 
ignorance is great of the laws which govern the fossilization of laud- 
animals, whether of high or low degree. 

CARBONIFEROUS OR MOUNTAIN LIMESTONE. 

It has been already stated (p. 464.), that this formation underlies 
the Coal-Measures in the South of England and Wales, whereas in 
the North and in Scotland marine limestones alternate with Coal- 
Measures, or with shales and sandstones, sometimes containing seams 
of Coal. In its most calcareous form the Mountain Limestone is 
destitute of land-plants, and is loaded with marine remains — the 
greater part, indeed, of the rock being made up bodily of corals and 
criiioids. 

The Corals deserve especial notice, as the cup and star corals, 
which have the most massive and stony skeletons, display ])eculiari- 
ties of structure by which they may be distinguished, as MM. Milne 
Edwards and Ilaiine first pointed out, from all species found in 
strata newer than the Permian. There is, in short, an ancient or 
Palceozoic^ and a modern or Neozoic type, if, by the latter term, w'e 
designate (as proposed by Prof. E. Forbes) all strata from the 
triassic to the most modern, inclusive. The accompanying diagrams 
(6gs. 563, 564.) may illustrate these types ; and, although it may 
not always be easy for any but a practised naturalist to recognize 
the points of structure here described, every geologist sliould under- 
stand them, as the reality of the distinction is of no small theoretical 
interest. 

It will be seen that the more ancient corals have what is called a 


Fig. 563. 

Palaoxoic type of lamelllferotti cup-shaped Coral. Order 2lk>ANTHARU RVGOtA, Milne Edwards and 

Jules H.lrae. ^ 



a. Vertical section of Campophyllum Jlexuoium { _ _ 

lum, Goliifubs) ; A uaL sise : Inun the Oevimuii of the 
Eilel. The lamehte are seen around the ln*jd<* of the 
cup ; the wall* consist of cellular tissue : «nrt lArge 
transverse plates, called /odo/iP. divide the Interior into 
chambers. _ , ^ ^ 

b. Arrangement of the lamella In Polyrneha prt^nda, Oer- 

mar, so. ; nat sire ; from the Magnesian Limestone, 
Durham. This diagram shows the q uadri parti le ar- 
rangement of the lamelisp characterlltic of ptU»oxoic 
corals, there being 4 principal and H intermediate Ig- 
mH'ip. the whole number in this type being always a 
ronUiple of four. 

c Stauria a$traaformi$, Milne Edwards. Young group, nat. 
size. Upper Silurian. Gothland. The lainetlar iu each 
cup are divided by 4 proinmem ridges into 4 group*. 
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Fi(. hti. 

K^oic type of UmHltferouf eap-tbaped Coral. Order JSoantraru AfoucMA, M. Edwardi aod 

J. Haime. 



A. Paratmflia cmtrnlft. Mantel!, ep. Vertical lection, net. fixe, 
rpper Chalk, Graretend. In tbii type the lamtUat are mai- 
eire, and extend to the axis of looie cellular tiiiue, vrlthoutanjr 
tiaiifverie plate# liketboee In flg. a. 

b, Cyathhta Bou*erbfinkii.}SA*erA% Htdrae, Transverae lection, 

enlarged. Gault, Folkeitone. In thii coral the lamtUa are a 
multiple of ilx. The twelve principal plates reach the central 
axil or columella, and lietween each pair there are three se- 
condary plates, in all forty-eight. The short intermediate plates 
which proceed from the columella are not counted. They are 
railed patt. 

c. Funaia paUilarU^\jati)k. Recent : very young lUte. Diagram 

of its six principal and six intermediate sepu, magnified. The 
textufde arrangement is always more manifest in the young 
than in the adult state. 


(juadri partite arrangement of the stony plates or lamella — parts of 
the skeleton which support the organs of reproduction. The number 
of these lamellflD in the palmozoic type is 4, 8, 16, &c.; while in the 
newer type the number is always 6, 12, 24, or some other multiple 
of six ; and this holds good, whether they be simple cup-like forms, 
as in figs. 563. a and 564. a, or aggregate clusters of cups, as in 
564. e. 

It is not enough, therefore, to say that the primary or more an- 
cient corals are generically and specifically dissimilar from the 
secondary, tertiary, and living corals, — for, more than this, all the 
mo.st conspicuous forms, viz., the cup and star corals, belong, as be- 
fore mentioned (p. 511.), to a distinct order, although they are often 
so like iu outward fonn ns to have been referred in many cases to 
living reef-building genera. Hence we must not too confidently draw 
conclusions from the modern to the palaeozoic polyps, respecting cli- 
mate and tlio temperature of the waters of the primeval seas, inas- 
much as tlie two groups of zoophytes are constructed on essentially 
different types. When the great number of the palaeozoic and 
neozoic species is taken into account, it is truly wonderful to find 


Fig. 



LrihoBtrotioH baeaHiforme^ VhW* (Z.»- 
thoitrotim striatum^ Ftemiog ; Attrem 
hA$altfSon»i$.^ Conyb. And Pnill.) Ken- 
dal; Ireland; Russia; Iowa, and west- 
ward of the Mississippi, United Stat^ 
ID. D. Owen.) 


Fig. 666. 



Lofiidateia Jhr^ormit fMartin, sp.>, 
.M. Edwards. [.Litkottretiomfloriforme^ 
Fleming. Sirombodes,) 
n. young specimen, with buds on the 
disk. 

6. part of a full-grown compound mass. 
Bristol, &c. ; Rottla. 
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how confitaat tUe role above explained holds good ; only one excep* 
tion having as yet occurred of a quadripartite coral iu a neosoie 
formation (the cretaceous), and one only of the sextuple class (n 
Fungia f) in palseozoic (Silurian) rocks. 

From a great number of lamelliferous corals met with in the 
Mountain Limestone, two species have been selected, as having a 
very wide range, extending from the eastern borders of Russia 
to the British Isles, and being found almost everywhere in each 
country. 

These fossils, together with numerous species of ZaphrentiSy Am- 
plexusy Cyathophyllumy Clisiophyllumy Syringoporay and Miche 
tinea*, form a gioup widely different from any that preceded or 
followed them. 

Of the Bryozon, the prevailing forms are Fenestella and Polypora, 
and these often form considerable beds. Their net-like fronds an* 
easily recognized. 

Crinoidea arc also numerous in the Mountain Limestone. 
figs. 567, 568.) 


Fig. r*CH. 




Cyathocrinite* planus. 

Miller. Body and 
unlit. Mounlaio 
Limestone. 

In the greater part of them, the cup or pelvis, fg. 568, 5, is 
greatly developed in size in proportion to the arms, although this is 
not the case in fig. 567. The genera Poteriocrinus, Cyathocrinm, 
Pentremites, Antinocrinus, and Platycrinus are all of them charac- 
teristic of this formation. Other Echinoderms are rare, a dew Sea- 
Urchins only being known : these have a qpmplex structure, with 
many more plates on their surface than are seen in the modern 
genera of the same group. One genus, the Pal(Bchinus (fig. 569.), 
is the analogue of the modern Echinus, The other, Archmocidaris, 
represents, in like manner, the Cidaris of the present seas. 

Of Mollusca the Brachiopoda (or Palliobranchiates) constitute the 
larger part, and are not only numerous, but often of large size. 
Perhaps the most characteristic shells of the formation are large 

• For figures of these corals, see Faheontographical Society’s MOD(^^phs, 1^52. 

L L 


i'ynlhoci inus caryocrinoides, M'Cojr. 

a. surfHCi* of our of the Joints of tho »tein. 

b. p'dvii or bodv ; railed al«o calyx or cup. 

c. one of the pelvic ‘ 
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species of Produetui, such as P. giganteut, P. hemitphatrieu$, P . 
umireticulatui (fig. 570.), and P. scabriculus. Large plaited spirifers, 


Ki*. m. 



Palachinvi giga»,WCoj. Reduced. 
Mountain Limottone. 

Ireland. 


Flf. 570. 



Produetui irmireticu/aluit Martin, »p. 
(/^ antiquahis. Sow.) Mountain 
Limestone. England; Russia; the 
Andes, jtc. 


as Spirifer striatus, S. rotundatus, and S. trigonalis (fig. 571.), also 
abound ; and smooth species, such as Spirifer glaber (fig. 572.) with 
its numerous varieties. 


Fig. 571. 



Spirifer irtfonalis, Mnrtin. sp. 
Mountain Limestone. Derbyshire, Ac. 


Fig. 572. 



Spirtfer glaber^ Marlin, sp. 
Muuniaiii Limestone. 


The family of the brnchiopoda to which these shells belong, is 
far more numerously represented in these carboniferous rocks than in 
the secondary formations described in former chapters ; individually, 
as Professor Ramsay has observed*, tliey may outnumber the lamel- 
librauchiate raollusks, although the species of carboniferous lamelli- 
branchiate more than double the contemporary brachiopoda. The 
increasing number of the last-mentioned group among the bivalve 
raollusca, both in genera, species, and individuals, will be found to 
be a marked feature in the fauua of the primary rocks the lower we 
descend in the series. 

Among the brachiopoda or palliobranchiate mollusks, Terebratula 
hastata deserves mention, not only for its wide range, but because it 
often retains the pattern of the original coloured stripes which 
ornamented the living shell. (See fig. 573.) These coloured bands 
are also preserved in several lamelli branchiate bivalves, as in 
Aviculopecten (fig. 574.), in which dark stripes alternate with a 
light ground. In some also of the spiral univalves, the pattern of 
the original painting is distinctly retained, as in Pleurotomaria (fig. 
575,), which displays wavy blotches, resembling the colouring in 
many recent Trochid®. 

* Geol. Quart. Journ., p. 41., 1864. 
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Fif. TO. ‘ 



Terebratula Hastata^ 
•'‘ow., with radUtlng 
hand* of colour. 
Mountain L\me> 
■tone. D**rby»hire ; 
Irciaodli l{us«ia,A:c. 


Flf. S74. 


Fif. 



Aricnloprcifn nthktbaitiM^ 
Phill. Mountain Lime- 
stone. Derbyshire ; 
Yorkshire. 


Plrurotomaria carMa/a, Sow. 

{P.Jlammigfra, PhlU.) 
Mountain Limestone. Derby- 
shire, ftc. 


The raere fact that shells of such high antiquity should have 
preserved the patterns of their colouring is striking and unexpected ; 
but Professor E. Forbes has deduced from it an important geological 
conclusion. He infers that the depth of the primeval seas in which 
the Mountain Limestone was formed did not exceed 50 fathoms. 
To this opinion he is led by observing that in the existing seas the 
testacea which have colours and well-defined patterns rarely inhabit 
greater depths than 50 fathoms ; and the greater number are found 
where there is most light in very shallow water, not more than two 
fathoms deep. There are even examples in the British seas of tes- 
tacea which are always white or colourless when taken from below 
100 fathoms ; and yet individuals of the same species, if taken from 
shallower zones, are vividly striped or banded. 

This information, derived from the colour of the shells, is the 


Fig. .W6. 



Euomphalus pcntagMialuM, Sowerby. Mountain Limettone. 

a. upper Kide ; 6. lower, or umbilical tide ; c. view tbowing moutb, which 
a let* |>eiitagonal in older indiridualf ; d. view of polUhed itctioo, 
■bowing internal charabera. 
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more welcome* because the Radiata, Articulata, and Mollusca of the 
Carboniferous period belong almost entirely to genera no longer 
found in the living creation, and respecting the habits of which we 
can only hazard conjectures. 

Some few of the carboniferous mollusca, such as Avicula^ Nucula, 
Solemya^ and Liihodomm^ belong no doubt to existing genera ; but 
the majority, though often referred to living types, such as Isocardia, 
Turritella, and Bucdnum, belong really to forms which appear to 
liHve ]>ecome extinct at the close of the Palaeozoic epoch. Euom- 
phaltis is a characteristic univalve shell of this period. In tiie 
interior it is often divided into chambers (fig. 576. d), the septa or 
partitions not being perforated as in foraminiferous shells, or in those 
iiiiv ing siphuncles, like the Nautilus. The animal appears to have 
retreated at different periods of its growth from the internal cavity 
previously formed^ and to have closed all com- 
Fig, ^77. inuiiication with it by a septum. The numl>er of 

chambers is irregular, and they are generally 
wanting in the innermost whorl. The animal of 
the recent Turriiella communis partitions off in 
like manner as it Advances in age a part of its 
spire, forming a shelly septum. 

Nearly twenty species of the genus Belkro- 
phon (see fig. 577.), a shell without chambers like 

Mountain Limestone, the living Argonaut, occur in the Mountain Lime- 
stone. The genus is not met with in strata of 
later date. It is most generally regarded as belonging to the 
Heteropoday and allied to the Glass-Shell, Carmaria ; but by some 
few it is thought to be a simple form of Cephalopod. 

The carboniferous Cejihalopoda do not depart so widely from the 
living typo (the Nautilus) as do the more ancient Silurian repre- 
sentatives of the same order ; yet they offer some remarkable forms 
s(‘areely known in strata newer than the coal. Among these is 
OrthoceraSy a siphuiicled and chambered shell, like a Nautilus un- 
coiled and straightened (fig. 578.). Some species of this genus are 


Ftg. 57«. 



Fortion of Ortkoccra* lalcrule, FhiUipt. Mountaio Limettoue. 

several feet long. The Goniatite is another genus, nearly allied to 
the Ammonite^ from which it differs in having the lobes of the septa 
free from lateral denticulations, or crenatures ; so that the outline of 
these is continuous and uninterrupted. 

The species represented in fig. 579. is found in almost all localities, 
and presents the zigzng character of the septal lobes in perfection. 

In another species (fig. 580.), the septa are but slightly waved, 
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a h 



Goniatiift cren(Mtria% Phi II. Mountain 
Lirre»ton«. N. AmericA ; Bnuln . 
Cermaiijr. Ac. 

а. lateral view. 

б. front vitiw, thowlng the mouth. 


Fig, ^^»h. 




Qtmt€Uttf$ fwtimtni, Phillip*. 
Mountain IJnieMoue. 
Yurliihlro. 


and so approach nearer to the form of those of the Nautilus. Th (3 
dorsal position of the siphuncle, however, clearly distinguishes tht» 
Goniatite from the Nautilus, and proves it to have belonged to the 
family of the Ammonites, from which, indeed, some authors do not 
believe it to be generically distinct. 

Fossil Jish , — The distribution of these is singularly partial ; so 
much so, that M. de Koninck of Liege, the eminent palceontologist, 
once stated to me that, in making his extensive collection of the fossils 
of the Mountain Limestone of Belgium, he had found no move than 
four or five examples of the bones or teeth of fishes. Judging from 
Belgian data, he might have concluded that this cla.ss of vortebrata 
was of extreme rarity in the carboniferous seas; whereas the in- 
vestigation of other countries has led to quite a different result. 
Thus, near Clifton, on the Avon, tlicre is a c(‘lebrated “ bone-bed,” 
almost entirely made up of ichthyolites ; and the same may be said 
of the “ fish-beds ” of Armagh, in Ireland. They con.si8t chiefly 
of the teeth of fishes of the PJacoid order, nearly all of Uiem rolled 
us if drifted from a distance* Some teeth are sharp and pointed, as 
in ordinary sharks, of which the genus Cladodus affords an illustra- 
tion ; but the majority, as in Psammodus and Cochliadus, are, like 
the teeth of the Cestracion of Port Jackson (see above, fig. 322., 
p. 328.), massive palatal teeth fitted for grinding. (See figs. oHI, 
582.). 


Fig. 581. 


Fig. 682. 



Psammodus poros US f A Bone^bed. Mountain CochJiodus cantor tus, A $sm. Bone-bed, 

Dmectone. Bristol; Armagh. Mountain Limestone. Bristol; Ar- 

magh. 


There are upwards of seventy other species of fossil fish known in 
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the Mountain Limestone of the British Islands. The defensive fin- 
bones of these creatures are not unfrequent at Armagh and Bristol ; 
those known as Oracanthus are often of a very large eke. Ganoid 
fish, such as Hohptychius, also occur ; but these are far less nume- 
rous. Tlie great Megalichihys Hihhetti appears to range from the 
Upper Coal-measures to the lowest Carboniferous strata. 

Foraminifera, — In the upper part of the Mountain Limestone 
group in tlie S.W. of England, near Bristol, limestones having a 
distinct oolitic structure alternate with shales. In these rocks the 
nucleus of every minute spherule is seen, under the microscope, to 
consist of a small rhizopod or foraminifer. This division of the 
lower animals, which is represented so fully at later epochs by the 
Nummulites and their numerous minute allies, 
rig. 6^3. appears in the Mountain Limestone to be restricted 
to a very few species, among which Textularia, 
Nodosaria, Endothyra^ and Fusulina (fig. 583.), 
j’uiuh^cjfjmdnca, recognized. The first two genera are 

common to this and all the after periods ; the third 
has been found in the Upper Silurian, but is not 
known above the Carboniferous strata; the fourth (fig. 583.) is 
peculiar to the Mountain Limestone, and is characteristic of the 
formation in the United States, Arctic America, Russia, and Asia 
Minor. 


Fig. 584. 


STRATA CONTEMPORANEOUS WITH THE MOUNTAIN LIMESTONE. 

In countries where limestone does not form the principal part 
of the Lower Carboniferous series, this formation assumes a very 
different character, as in the Rhenish Provinces of Prussia, and in 
the Uartz. The slates and sandstones called Kiesel-schiefer and 
Younger Greywacke (Jungere Grauwacke) by the Germans, were 
formerly referred to the Devonian group, but are now ascertained to 
belong to the “ Lower Carboniferous.” The prevailing shell which 
characterizes the carbonaceous schists of this series, both on the 
Continent and in England, is Posidonomya Becheri (fig. 584.). Some 

well-known mountain-limestone spe- 
cies, such as Goniatites crenistria 
(see fig. 579.) and G. reticulatieSy also 
occur in the Hartz. In the associated 
sandstones of the same region, fossil 
plants, such as Lepidodendron and 
the allied genus ScLgenaria, are com- 
mon ; also Knorritty Catamites Suck- 
oviiy and C. transitionisy Gopp., some 
peculiar, others specifically identical 
with ordinary coal-measure fossils. 
The true geological position of these rocks in the Hartz was first 
determined by MM. Murchison and Sedgwick in 1840.* 

Trans., Geol. Soc. London, Second Series, vol. vi. p. 228. 



Posidonomya JSechfrt\ Gold. 
Syn. Estkeria Hecktri , , 
Lower C«rt»onlferoiui. 
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CARBONIFEROUS LIMESTONE IN NORTH AMERICA. 

The coal-measures of Nova Scotia have been described page 482. 
The lower division contains, besides large stratified masses of gypsum, 
some bands of marine limestone almost entirely made up of encri- 
nites, and, in some places, containing shells of genera common to 
the mountain limestone of Europe. 

In the United States the carboniferous limestone underlies the 
productive coal-measures ; and, although very inconspicuous on the 
margin of the Alleghany or Great Appalachian coal-field in Penn- 
8ylvania,lit expands in Virginia and IVnessee. Its still greater 
extent and importance in tlie Western or Mississippi coal-fields, in 
Kentucky, Indiana, Iowa, Missouri, and other western states, has 
been well shown by Dr. D. Dale Owen. In those regions * it is about 
400 feet thick, and abounds, as in Euro{)e, in shells of the genera 
Productus and Spirifer, with Pentremites^ and other crinoids and 
corals. Among the latter, Lithostrotion basaltiforme or 
(fig. 565. p. 512.), or a closely-allied species is common. 

* Owen’s Geol. Survey of Wisconsin, &c. 1852. 
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CHAPTER XXVI. 

OLD RED SANDSTONE, OR DEVONIAN GROUP. 

Old Red Sandstone of the- Borders of Wales — Of Scotland and the South of Ire- 
land-Fossil Devonian plants at Kilkenny — Holoptyckiua of the Middle and 
Cephalaspis of the Ix)wer Old Rod of Forfarshire— and supposed 
eggs of Crustaceans — Northern type of Old Red in Scotland — Classification of 
the Ichthyolites of the Old Red, and their relation to living types— Distinct 
lithological type of Old Red in Devon and Cornwall — Term Devonian — Organic 
remains of intermediate character between those of the Carboniferous and 
Silurian systems — Devonian series of England and the Continent — Upper 
Devonian rocks and fossils — Middle — Lower— Old Red Sandstone of Russia — 
Prejwndcrance^ of Brachiopoda — Devonian Strata of the United States and 
Canada — Coral reefs at the falls of the Ohio — Gaspe Sandstone — Vegetation of 
the Devonian period. 

It has been already shown in the section (p. 429.), that the car- 
boniferous strata are surmounted by a system called “ The New 
Red,” and underlaid by another termed the “ Old Red Saudstone.” 
The last-mentioned group acquired this name because in Hereford- 
shire and Scotland, where it was originally studied, it consisted 
chiefly of red sandstone, shale, and conglomerate. It was afterwards 
termed ‘‘ Devonian,” for reasons which will be explained in the 
sequel. For many years it was regarded as very barren of organic 
remains : and such is undoubtedly its character, over very wide 
areas where calcareous matter is wanting, and where its colour is 
determined by the red oxide of iron. 

“ Old Bed ” in Herefordshire, &c. — In Herefordshire, Worcester- 
shire, Shropshire, and South Wales, this formation attains a great 
thickness, sometimes between 8000 and 10,000 feet. In these re- 
gions it has been subdivided into 
1st. Conglomerate. 

2ndly. Brownstone series — chiefly reddish-green and brown sand- 
stones, with large Eurypierus, 

3rdly. Marl and Cornstone — red and green argillaceous spotted 
marls, with irregular courses of impure concretionary limestone, 
provincially called Cornstone, and some beds of white sandstone. 
In the cornstones, and in those flagstones and marls through which 
calcareous matter is most diflfused, some spines of fish of the family 
Acanthodida, and remains of Cephalaspis and Pteraspis occur. 

4thly. Ledbury Shales — thin olive shales of Ledbury and Ludlow, 
and sandstones intercalated in thick beds of red marl. Fish of the 
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genera CephaUnpU, AuckenaspiSy Ike., epecifically distinet from llioae 
of the iH^erlying Silurian. 

Old jiM Sandstone of Scotland and Ireland * — South of the 
Grampkibl, in Forfarshire, Kincardineshire, and Fife, the Old Red 
Sandstone may be divided into three groups. 

A. Yellow sandstone. 

B. Red shale, sandstone with cornstone, and at the base a conglo- 

merate (Nos. 1, 2, and 3., Section, p. 48.). 

C. Roofing and paving stone, highly micaceous, and containing a 

slight admixture of carbonate of lime (No. 4. p. 48.). 

The united thickness of A, B, and C, in Fife and Forfarshire 
must amount to 3000 or 4000 feet ; and perhaps in some places, 
where the conglomerates of B are largely developed, to much more 
than 4000. 

A. — The upper member, or yellow sandstone, is seen at Dura Den, 
near Cupar, in Fife, immediately underlying the coal. It consists of 
a yellow sandstone in which fisli of the genera P terickthi/s (for genus 
see fig. 600.), PamphractuSy Bothrtolepisy GlyptopomuSy HoloptychiuSy 
and others abound. 

In Ireland the upper beds of the Old Red, or yellow sandstone of 
Kilkenny, contain fish of the genera Coccosteus and DendroduSy 
characteristic forms of this period, together with plants specifically 
distinct from any known in the coal-measures, but referable to the 
genera fouud in them ; as, for example, Lepidodendrony Cyclopteris 
(see figs. 585. and 586.). The stems of the latter have, in some 


Fig. 58.V 



stem of Lepidodfndron, »o compretted At 
to dettroy quincunx Arrangement of 
the tcari. Upper Devooian, Kilkenny. 


Fig. 586. 



CpcloptffiM Hibemica, Fort>e». 
Upper Devonian, Kilkenny. 


specimens, broad bases of attachment, and may therefore have been 
tree-ferns. 

In the same strata shells having the form of the genus Anodony 
and which probably belonged to freshwater testacea, occur. Some 
geologists, it is true, still doubt whether these beds ought not rather 
to be classed as the lowest beds of the carboniferous series, together 
with the yellow sandstone of Sir R. Griffiths (see p. 464.) ; hut the 
associated ichthyolifces and the distinct specific character of the plants, 
strongly favour the opinion above expressed. 

B.— .We come next to the middle division of the ** Old Red, as 
exhibited south of the Grampians, and consisting of— Ist, red 
shale and sandstone, with some cornstone, occupying the Valley 
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of Strathmore, in its course from Stonehaven to the Firth of 

Cljde ; and, 2adly, of a conglome- 
rate, seen both at the foot of the 
Grampians, and on the Banks of 
the Sidlaw Hills, as shown in the 
section at p, 48., Nos. 1, 2, and 3. 
In the uppermost part of the divi- 
sion No. 1., or in the beds which, 
in Fife, underlie the yellow sand- 
stone, the scales of a large ganoid 
f/ fish, of the genus HoloptychiuSy 
were first observed by Dr. Fleming 
at Clashbinnie, near Perth, and an 
entire specimen, more than 2 feet 
Scale ot lioioptychiut nobtUuitnut, Agaii. in length, WRS afterwards found by 

ciaihbinuie, Nat. iiie. Noble. Some of these scales 

(see fig. 587.) measured 3 inches in length, and in breadth. 



Fig. SS9. 



Cej^Uiioipit LifetUi, Agaat. Length 6{ Inches. 

From a specimen In nj ooUe<^on found at Glammisi. in Forfarshire; see other figures. 
Agasais. voi. li. tab. 1. a, and 1. b, 

a. one of the peculitr scales with which the head is covered when perfect. These 
scales are senerally removed, as in the specimen above figured. 
b. c. scales from different parts of the body ana UU. 
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associated red and ^rej shales ; these strata underlie a dense mass 
of conglomerate. In these grey beds several remarkable fish have 
been found of the genus named by Agassiz Cephalaspu^ or “ buck- 
ler-headed/* from the extraordinary shield which covers the head 
(see fig. 589.), and which has often been mistaken for that of u 
trilobite, such as Asaphus, 

A species of PtercLspu, of the same family, has also been found by 
the Rev. Hugh Mitchell in beds of corresponding age in Perthshire, 
and Mr. Powrie enumerates no less than five genera of the family 
Acanthodidsc, the spines, scales, and other remains of which have 
been detected in the grey flaggy sandstones.* 

In the same formation at Carmylie, in Forfarshire, commonly 
known as the Arbroath paving-stone, fragments of a huge crustacean 
have been met with from time to time. They are called by the 
Scotch quarrymen the “ Seraphim,” from the wing-like form and 
feather-like ornament of the thoracic appendage, the part most 
usually met with. Agassiz, having previously referred some of tliose 
fragments to the class of fishes, was the first to recognize their 


t ig. m. 



Portion of the Fiery goim angltcuM, Agaiiix. 

1. Middle portion of the ” Seraphim,’* or back of the head, with the »cale-llkf* »culpturing. 

2. Portion of the dilated bate of one of the anterior feel, with iU itrong epiues or teetl), 

used as masticating organs. 

3. The proximal portion of one of the great anterior claws. 

4. Termination of the same, with the serrated pincers. (See Agass., Poiss. Foss, du Vleux 

Gr^s Rouge, plate A.) 

1. and 2. are of the natural size ; 3. and 4. are reduced one half. 

crustacean character, and, although at the time unable correctly to 
determine the true relation of the several parts, be figured the por- 
tions on which he founded his opinion,.Jn the first plate of his 
“Poissons Fossiles du Vieux GrSs Rouge,” 

A restoration in correct proportion to the size of the fragments 
of P. anglicuSf from the Lower Old Red Sandstone of Perthshire 
and Forfarshire, would give us a creature measuring from 5 to 6 
feet in length, and more than 1 foot across ; and Mr. Salter is of 
opinion that P. problem aticus, Ag., from the Downton Sandstone, 
and P. gigas, Salt., from the Upper Ludlow Rock, attained dimen- 
sions fully as large, even up to 7 feet. 

• Powrie, Gcol. Quart. Journ., vol xx. p. 417. 
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Fig. d9l. 



_ „ . Ag., Forfanhire. Ven- 

tral aipect Rt-nored by H. WCKHlirard, F.G.S., 
from nearly perfect ipecimen* of allied ipccie*, 
found in the Upper Ludlow Hock of Letma- 
hagow. 

o. carapace, ibowing the large teaiUe eyes 
at the anterior angles. 

b. the metastoma or post-oral plate (serring 
the office of a lower lip), 
c, c. chelate appendages (antennules). 

d. 6r»t pair of simple palpi (onimnar). 

e. second pair of simple palpi {manUthUs)* 

f. third pair of simple palpi (first maxil/te). 

g. pair of swimming leet with (heir bro^ 
basal joints, whose serrated edges serre the 
office of maxilla, 

h. thoracic or genital plate covering the re- 
productive organs (and probably also the bran- 
chiae), composed of two broad lateral alse, and 
a slender median lobe, varying in form accord- 
ing to the sex. This thoracic plate covers the 
fir»>t two thoracic segments, which are indu 
cated by figures and a dotted line. 

l-fi. thoracic segments. 

7-12. alnlomina) sagtnents. 

13. telson, or taii-plate. 


Tho largest crustaceans living at the present day are the Inachus 
K(Pmpf€ri^ of l)e Haan, from Japan (a brachyurous or short-tailed 
crab), chiefly remarkable for the extraordinary length of its limbs ; 
the fore arm measuring 4 feet in length, and the others in propor- 
tion, so that it covers about 25 square feet of ground ; and the 
Limulus Molucmnus^ the great King Crab of China and the eastern 
seas, which, when adult, measures 1^ foot across its carapace, and is 
3 feet in length. 

Parka decipiens , — In the same grey paving-stones and coarse 
roofing-slates in which the Cephalaspis and Pterygotus occur, in 
Forfarshire and Kincardineshire, the remains of grass-like plants 
abound in such numbers as to be useful to the geologist by enabling 
him to identify corresponding strata at distant points. Whether 
these be fucoids, as 1 formerly conjectured, or freshwater plants 
of the family FltivialeSy as some botanists suggest, cannot yet be 
determined. They are often accompanied by fossils, called “ ber- 
ries ” by the quarrymen, and which are not unlike the form which 
a compressed blackberry or raspberry might assume (see figs. 592. 
and 593.). Some of these were first obsei’ved in the year 1828, 
in grey sandstone of the same age as that of Forfarshire, at Parkhill 
near Newburgh, in the north of Fife, by Dr. Fleming. 1 afterwards 
found them on the north side of Strathmore, in the vertical shale 
beneath the conglomerate, and in the same beds in the Sidlaw 
Hills, at all points where fig. 4. is introduced in the section, p. 48. 

Dr. Fleming has compared these fossils to the panicles of a JuncuSy 
or the catkins of Sparganiumy or some allied plant, and he was con- 
firmed in this opinion by finding a specimen at Balrudderie, showing 
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Fig. 692. 



Parka tiecipten*^ Fleming. 
In *anditouenf lower bed* 
of Old Red, Ley** Mill, 
Forfamhire. 


rtf 6M, 



Pwrka dfcipiens, Fleming. * 

In shale of lower bed* of Old Red, Fife. 


the under surfaee smoother than the upper, and displaying what may 
1)6 the place of attachment of a stalk. I have met with some speci- 
mens in Forfarshire embedded in sandstone, and not associated with 
the leaves of plants (see fig. 592.), wliich bore a considerable resem- 
blance to the spawn of a recent Aafica (fig. 594.), in 
which the eggs are arranged in a thin layer of sand, 
and seem to have acquired a polygonal form by press- 
ing against each other ; but, as no gasteropodous 
shells have been detected in the same formation, the 
Parka has probably no connection with this class of 
organisms. ('mgmpnt of«p«wii 

The late Dr. Mantell was so much struck w'ith the ofSati^. 
resemblance of one of my specimens (see fig. 595.) to 
a small bundle of the dried-up eggs of the common English frog, 
which he had obtained in a black and carbonaceous state (see fig. 
596.) from the mud of a pond near London, that he suggested a 



Fig 695. Fig. .M)6. 



Fus«il..->Otd Red. R«:eut. 


Fig. .696. Slab of Old Red Sand»toTie, \ 
ForfarBliIrt*, with bodies like the ova } ~ 
of Hatrachian*. L 


a. ovH ? In a rarlxinlzed state. 

b. egg cells?, the ova shed. 


o 


Fig. 696. Eggs of the common frog, ^ 
Rana temporuria^ In a carbonized j 
state, from a drled-up pond in Clap- I . 
ham Common. | c 

a. the ova. f ^ 

b. a transverse section of the mass. 1 t 

exhibiting the torm of the egg- 1 
cell*. / 


batrachian origin for the fossil ; and Mr. Newport concurred in the 
idea, adding that other larger and more tjircular fossils (fig. 597.), 
which I procured from shale in the same “Old Red,’* occurring 
singly or in pairs, and attached to the leaves of plants, might 
possibly be the ova of some gigantic Triton or Salamander. 

The general absence of reptilian remains from strata of the Devo- 
nian period always weighed strongly with most geologists against 
such conjectures, and Mr. Salter in 1859, and more lately Mr. 
Powrie, have suggested that Parka decipiens occurs too often asso- 
ciated with PterygaiuB not to incline one to suspect that they are 
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Ffff. W. Sh»I« of OW Red Sandstnuf, or 
Devonian. Forfarshire, with impression 
of plants and eggs of Cruitacrans. 

a. two pair of ova ? reseinbllng those 
of iiirge Salamaiidert or Tritons— 
on the sante leaf. 
b, b. detached ova ? 


the ep:prs of that crustacean. They have not only been found with 
P. anglicm in Forfarshire and Perthshire, but also with P. proble- 
maticus at Ludlow, and with P. ludensis at Kidderminster, in the 
uppermost Silurian strata. Against the hypothesis of these bodies 
being seed-vessels, it is urged that there is no trace of a style nor 
of a leafy involiicrum. They are supposed to have constituted a 
single layer of ova enclosed in a membrane, and not a number of 
eggs lying crowded one over the other in a sack. 

“OW lied'' tn the North of Scotland , — The whole of the northern 
part of Scotland, from Capo Wrath to the southern flank of the 
Grampians, has been well described by the late Hugh* Miller as con- 
sisting of a nucleus of granite, gneiss, and other hypogene rocks, 
which seem as if set in a sandstone frame. The beds of the Old Red 
Sandstone constituting this frame may once perhaps have extended 
continuously over the entire Grampians before the upheaval of that 
mountain range ; for one band of the sandstone follows the course of 
the Moray Frith far into the interior of the great Caledonian valley, 
and detached hills and islaiid-Iike patches occur in several parts of 
the interior capping some of the higher summits in Sutherlandshire, 
and appearing in Morayshire like oases among the granite rocks of 
Strathspey. 

As the mineral character of the “Old Red” north of the Grampians 
differs considerably from that of the south, especially in the middle 
and lower divisions, I shall now allude to it separately. The upper- 
most portion was formerly supposed to include certain light-coloured 
sandstones near Elgin containing reptilian remains ( Telerpetonj &c.), 
which we have now good reason to suspect are of much newer or 
Triassic date ; * but, besides these whitish sandstones, there are 
others of a yellowish colour near Elgin, which are perhaps the true 
equivalents of the yellow sandstone of Fife (A, p, 521.). This upper 
division passes downwards into red and variegated sandstone and 
conglomerate, which may correspond with the beds called B of the 
same table, p. 521. 


* Supposed reptilian remains of the 
Old Red , — In a former edition of this 
work I noticed the discovery of the bones 
of a reptile found in some white sand- 
stone charged with carbonate of lime 
forming the upper part of a long series 


of conformable strata in the neighbour- 
hood of Elgin. To this reptile the late 
Dr. Mantell gave the name of Telapeton 
Elginense ; it was associated with scales 
or scutes supposed by Agassiz to be 
those of a fish, and called by him Stago- 
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In this part of the series certain bituminous schists and flagstones 
occur in the Orkneys and Caithness, Cromarty, Moray, Nairn, and 
Banff, which are very rich in fossil fishes. Below the fish^beds are 
sandstones and shales, barren of organic remains, several hundred 
and sometimes nearly a thousand feet thick. As the ichthyolitic 
rone was the lowest in wliich fossils had been discovered in the 
North, it was classed palteontologically by Hugh Miller as the base 
of the Old Red system, and considered by him to l)e older than the 
division C, of the table, p. 521., or those paving-stones and roofing- 
slates of Forfarshire, which contain Cephalaspis and Pterygotus 
before described, p. 522. He fell naturally into this mistake by 
observing that the fish-beds where he studied them most carefully, 
at Cromarty, were in almost immediate juxta- position with certain 
crystalline or metamorphic rocks, so that they seemed to form the 
base of the Devonian system. Another source of error, says Sir 
R. Murchison, arose from the gradual thinning out of tlie bituminous 
and calcareous schists and flagstones as wo proceed from north to 
south. Already these schists, when wo reach Nairn and Elgin, are 
represented by clays with calcareous nodules only ; and this is still 
more the case at Gamrie in Banff. Still farther southwards even 
these nodules are no longer traceable in the middle portion of the 
Old Red Sandstone.* 

Hence the relative position of the middle and lower beds could 
not l>e proved by direct super- position, the Caithness fish-beds l>eing 
wanting in Forfarshire, and the Forfarshire Cephalaspis beds alike 
absent in Caithness. But all doubt as to the true order of super- 
position, if any still remained, was set at rest in 1861, when Mr. 
Peach, under the direction of Sir R. Murchison, searching for fossils 
in Caithness, found in sandstones, many hundreds of feet below 
the fish-zone, undoubted remains of Pterygotus, These crustaceans 
are characteristic of the Cephalaspis zone, and have never been found 
in the great fish-bed of the middle division of the Old Red. This 
discovery, therefore, confirmed the anticipations of Sir Roderick, 
who had previously maintained that the lower sandstones of Caith- 
ness were the equivalents of the Forfarshire paving-stone, and of 


nolepiSf bat which Prof. Huxley has since 
shown to be crocodilian, and of the 
Teleosaurian type. The jaw, teeth, 
femnr, and some candal vertebrae have 
now been found, and they indicate an 
animal about eight feet long. Another 
reptile, Hyperodapedon, Huxley, closely 
allied to the triaasic jRhynchogaurus^ has 
also been met with in the same beds, so 
that it appears highly probable that the 
light-coloured stones near Elgin con- 
taining these fossils are referable to 
the Triassic, and not. as was formerly 
Imagined, to the “ Old Red,” or Devo- 
nian period. 

The strata in question have been shown 


in 1863 by Prof. Harkness to bo per- 
fectly conformable, both near Elgin and 
in Koss-shire, with sandstones containing 
unequivocal ** Old Red ” fishes, but be- 
tween these and the reptiliferous strata 
there intervenes everywhere a conglo- 
merate, and Mr. C. Moore has justly 
remarked ( Harkness, Geol. Quart Journ., 
vol. XX. p. 429., 1864), that the destruc- 
tion cf elder rocks attested by such 
pebble beds may imply a break in the 
series, and a lapse of unrepresented time 
of indefinite extent. 

^ Murchison, Siiuha, Srd. ed., p. 386., 
1859. 
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certain beds of Herefordshire and Shropshire, which iminediatelj 
overlie the bone-bed of the Upper Ludlow.^ 

Mr. Powrie remarks that very few genera and no species of fish 
are common to this Lower or Cephalaspis division, and to the Middle 
or Caithness beds, whereas no such marked break occurs between 
the ichthyic forms of the Middle and those of the Upper or Yellow 
Sandstone divisioii.f 


Clamjication of the Fossil Fish of the Old Fled Sandstone. 

The fish of the schists and flagstones in question are very pecu- 
liar and characteristic. They were first successfully studied by the 
late Hugh Miller, who gave an admirable description and restorations 
of many of them. They were also the subject in 1844 of a special 
monograph by Agassiz, in which he described no less than sixty-five 
Britisli species alone, and several important memoirs on Pterichihys 
and other genera were afterwards published by Sir P. Egerton, 
Avhose labours in this field (including a synopsis of all the gener.i 
known in 1857) have been acknowledged by Professor Huxley as 
having powerfully contributed to clear up his ideas when he under- 
took, in 1861, the difficult task of classifying these fishes. To the 
Russian zoologist, Pander, we are also indebted for a most able trea- 
tise on these ichthyolites. Professor Huxley’s masterly essay is of 
a later date than Pander’s, and contains a systematic arrangement 
of the British Devonian fish, which, he observes, are of surpassing 
interest, as comprising the oldest assemblage of vertebrate animals 
of which we can be said to have any tolerably complete knowledge; 
for no reptiles have yet been found older than those of the coal, and 
the Silurian fish are confined to a few isolated specimens, aftbrding 
us a very scanty insight into the character of the piscine fauna 
anterior to the period of the Old Red Sandstone. 

The Devonian fish were referred by Agassiz to two of his great 
orders, namely, the Placoids and Ganoids. Of the first of these, which 
in the Recent period comprise the shark, the dog-fish, and the ray, no 
entire skeletons are preserved, but fin-spines called Ichthyodoru- 
lites, and teeth occur. On such remains the genera Onchus, Odonta- 
canthusy and Ctenodus, a supposed cestraciont, and some others, have 
been established. There are also some spiny fish of a family called 
Acanthodidm, not yet well understood, and thought by Huxley to 
have some connection with the Placoids, although he admits that 
they may perhaps have still more claims to rank with the Ganoids, 
with which they have been usually classed. 

Among the Ganoids are the Cephalaspidae (see fig. 589. p. 522.), 
represented by several genera, CephalaspiSy PtercLspiSy &c., and 
forming a very distinct family, but having, according to Huxley, a 
considerable relationship with the sturgeon. 

By far the greater number, however, of the Old Red Sandstone 

* Powrie» Geol, Quart. Joum., toI. Siluria, 3rd ed., p. 280. &c,, 1859. 

35 iY. P- 503., 1858; and Murchison, t Powrie, ibid., p. 428. 
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iftshes belong to a sub^order of Ganoids instituted by Huxley in 1S6I« 
and for which he has proposed the name of CroBsopteryffidm'^y or the 
fringe-finned, in consideration of the peculiar manner lu which 
the fin-rays of the pait^ed fins are arranged so as to form a fringe 
round a central lobe, as in the PolypUrm (see a, fig. 598.), a genus of 


F»g. 508. 



Pofyptfrut. See “ Rerherchei iur le$ Poiciotu FoiilIe«.‘* 

Living ill th« Nile end other African I'iver*. 

а. one nf the fringed pectoral fin». c. ana) 6n. 

б. one of the ventral fin*. d, lioraa) fin, or row of finiet* 

which tliere are several species now inhabiting the Nile and other 
African rivers. The reader will at once recognize in Osieolepis 
fig. 599.) one of the common fishes of the Old lied Sandstone, many 


Fig. m. 



Ile*toraiion of Ostrohpis. Pamlcr. 

Oid Red Sandatone, or Devonian. 

а. one of the fringe<I pectoral fin*. c. anal fin. 

б. one of the vcntra) fin*. , €. duiaai fin*. 

points of analogy with Polypterus, They not only agree in the 
structure of the fin, as first pointed out by Huxley, but also in the 
position of the pectoral, ventral, and anal fins, and in having an 
elongated body and rliomboidal scales. On the other hand, the tail 
is more symmetrical in the recent fish, which has also an apparatus of 
dorsal finlets of a very abnormal character, both as to number and 
structure. As to the dorsals of Osteolepis, they are regular in struc- 
ture and position, having nothing remarkable alx>ut them, except 
that there are two of them, which is comparatively unusual in living 
fish. ^ 

Among the * ** fringe-finned ” Ganoids we find some with rhoin- 
boidal scales, such ns Osteolepis, above figured, and Diplopterus^ 
Glyptoleemus^ and Giyptopomus ; others with cycloidal scnles, m 
Holoptychius (see fig. 588. p. 522.), Diplerus^ &c. The new genus 
GlyptoImmuSy founded by Huxley on specimens from the Devonian 
yellow sandstone of Dura Den in Fife, is remarkable for having not 

* Abridged from Kpoof^wros^ crossotos, a fringe, and pteryx, a fin, 

M M 
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only a fringe of mys entirely surronnding a central lobe in the 
pectoral and ventral fin®* but in having the aame structure repeated 
in the anal and both the dorsal fins. In the genera Dipterm and 
Diplopterus, as Hugh Miller pointed out, and in several other of the 
fringe-finned genera, as in Gyropiychim and Glyptolepis, the two 
dorials are placed far backwards, or directly over the ventral and 
anal fins. 

The Aiterolepis was a ganoid fish of gigantic dimensions. A, A$^ 
musii> Eichwald, a species characteristic of the Old Red Sandstone 
of Russia, as well as that of Scotland, attained the length of be- 
tween 20 and 30 feet. It was clothed with strong bony annour, 
embossed with star-like tubercles, but it had only a cartilaginous 
skeleton. The mouth was furnished with two rows of teeib, the 
outer ones small and fish-like, the inner larger and with a reptilian 
character. The Asterolepis occurs also in the Devonian rocks of 
North America. 

If we except the Placoids already alluded to, and a few other 
families of doubtful affinities, all the Old Red Sandstone fishes are 
Ganoids, an order so named by Agassiz from the shining outer 
surface of tlmir scales. The same remark would hold true of the 
fish of the primary and secondary formations generally, those of the 
primary and older secondary type having heterocercal tails, while 
the tails of those of the tertiary rocks are almost dl equilobed or 
homocercal, like the vast majority of living fish; but Prof. Huxley 
has also called our attention to the fact that, while a few of the 
)>rimary and the great majority of the secondary Ganoids resemble 
the living Lepidosteus, or bony pike, or the Amia, genera now found 
in North American rivers, and one of them, Lepidosteus, extending 
as far south as Guatemala, the Crossopterygii, or fringe-finned 
Icli thy elites, of the Old Red are closely related to the African 
PoIypteruSy y^VxQh is represented by five or six species now inha- 
biting the Nile and the rivers of Senegal. These North American 
and African Ganoids are quite exceptional in the living creation ; 
they are entirely confined to the northern hemisphere, unless some 
species of Polypterifs range to the south of the line in Africa ; and, 
out of about 9000 living species of fish known to M. Giintber, and 
of which more than 6000 are now preserved in the British Museum, 
they probably constitute no more than 27. 

All the living fish, exclusive of the 27 species just mentioned, 
and the Elasmobranchii or Placoids, have equilobed or homocercal 
tails, and are called Teleostei, because their skeletons are perfectly 
ossified.* The living Ganoids, however, most resembling those of the 
primary and secondary periods, namely, the Lepidostei and Polypteri, 
liave also internal skeleton'* as perfect as those of any Teleostei ; 
and we find the same combination of a hard external or dermal 
4»keleton, and a well-ossified endo-skeleton in Dipterus^ one of the 


* From tel 60 <^ perfect, and otrrtor, osteon, a bona. 
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Old Red Ganoids already allnded to. In this respect^ thmforf^ 
Dipierui and Pofypterus agree» although they differ in their seales, 
Dipterus having cycloidal^ and PolppUrm rhomhoidal scales. Mega- 
Hchthys^ a carboniferous genus, agrees with Polypterus in the form 
of its scales, which are rhomboidal, while its internal skeleton, as 
first observed by Huxley, is so far ossified that in each vertebra 
there is a ring or hoop of bone. 

The fossil Ganoids, therefore, although generally contrasted with 
the Teleosfei^ cannot be said to have in all cases imperfect internal 
skeletons any more than the most typical living representatives of 
the order. 

Among the anomalous forms of Old Rt*(l fishes not referable to 
Huxley’s Crossopterygii is the Pterir/ithy.% of which five species liave 
been found in the middle division of the Old Rod of Scotland. Some 
writers have compared their 
shelly covering to that of 
Crustaceans, with which , how- 
ever, they have no real affini- 
ty. The wing-like appendages, 
whence the genus is named, 
were first supposed by Hugh 
Miller to he paddles, like those 
of the turtle ; and there can 
now be no doubt that tliey do 
really correspond with the pec- 
toral fins. Professor Huxley, 
when speaking of the allied 
genus Coccosteus, has specu- 
lated on its relationship with 
the Siluridie, a largo family 
' of living Teleosteans, the bony ’ 

shields covering the roof of 

the cranium in Coccosteus being compared by him with tliose which 
cover the head and anterior part of the body of certain Siluroidn, 
more particularly those l>elonging to the gei us Clarias. 

South Devon and Cornwall,— -Term Devonian , — A great step 
was made in the classification of the slaty and calciferous strata of 
South Devon and Cornwall in 1837, when a large portion of the 
l)ed8, previously referred to the ** transition ” or Silurian series, 
were found to belong in reality to the period of the Old Red Sand- 
stone. For this reform we are indebted to the labours of Professor 
Sedgwick and Sir R. Murchison, assisted by a suggestion of Mr, 
Lonsdale, who, in. 1837, after examining the South Devonshire 
fossils, perceived that some of them agreed with those of the Carbon- 
iferous group, others with those of the Silurian, while many could 
not be assigned to either system, the whole taken together exhibiting 
a peculiar type, but of intermediate character between the older aad 
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newer groups alluded to. But these palaeontological observations 
alone would not have enabled us to assign, with accuracy, the true 
place in tlie geological series of these slate^rocks and limestones of 
South Devon, had not Messrs. Sedgwick and Murchison, in 1836 
and 1837, discovered that the culmiferous or anthracitic shales of 
North Devon belonged to the Coal, and not, as preceding observers 
had imagined, to the “ transition ” period. 

Ah the strata of South Devon here alluded to are far richer in 
organic remains than the red sandstones of contemporaneous date in 
Herefordshire and Scotland, the new name of the “Devonian system” 
wus proposed as a substitute for that of Old Red Sandstone. 

The link supplied by the whole assemblage of embedded fossils, 
(‘onnecting as it does the paltcontology of the Silurian and Carbon- 
iferous groups, is one of the liighest interest, and equally striking 
whctlun* we regard the genera of the corals or of the shells. The 
species are mostly distinct except in the upper group. 

The rocks of this group in South Devon consist, ii^ great part, of 
green cLloritic slates, alternating with large quartzose slates and 
sandstones. Here and there calcareous slates are interstratified with 
blue crystalline limestone, and in some divisions conglomerates, 
passing into red sandstone. But the whole series is much altered 
and disturbed by the intrusion of the granite of Dartmoor and other 
igneous rocks. 

In North Devon, on the contrary, the Devonian group has been 
less changed, and its relations to the overlying carboniferous rocks 
or “Culm Meiisur(‘s” are somewhat more clearly seen. The follow- 
ing sequence is exhibited in the coast section on the Bristol Channel, 
between Barnstaple and tlie North Foreland.* 


Devonian Series in North Devon. 


Upper or , 
riltoa "j 
group I 

fS. 

Middle, I 

or llfra- J ^ 
eombc j 
group 

L 

L<iwer, oi‘ 

Lin ton 4 ^ 
gioup i" 


ta. Calcareous brown slates; with fos.sils, bomcof thcni common to 
tlie Carhonilerou'^ group, but most of them distinct. (B irn- 
staple, Pilton, &c.) 

b. Brown and yellow sandstone, with marine shells and laud-plants 
StiymanUf Sayenaridt and others. (Baggv Point, Mnrwuod, 
&c.) 

Hard grey and reddish sandstones and micaceous flags, without 
fossils, resting on soft greenish schists of considerable thickness. 
(Morte Bay, Bull Point, &c.) 

Caltaieous slates, with eight or nine courses of limestone, full of 
corals and shells like those of the Plymouth limestone, viz., O/oMo- 
phj/llum ciespito.sumyStlii fig. 606., Favusites polymorpha^ see fig. 605., 
&c. (Combe Martin, Ilfracombe Harbour, &c.) 

Hard, greenish, red, and purple sandstones; with occasional fossils, 
Spirifers, &c. (Linton, North Foreland, Sec,) 

Sotl ehloritous slates, wiih some sandstones ; Orthi,% Spiiijer, and 
Corals. (Valley of Rocks, Lymnouth, &c.) 


The succesMve beds of this section have been compared with 


* Sedgwick and Murchison, Trans. Cornwall, PI. 3. Murchison’s Siluria. 
Gcol. Soc., New Scries, vol, v. p. 644. p. 256. 
l)e la Beche, Geol. Report, Devon and 
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those of South Devon and Cornwall both by the authors of the 
“ Devonian ” system and by other observers. And Professor Sedg- 
wick has again lately brought them into closer comj>ari8on.* * Other 
geologists at home and abroad have successively ideiUided them with 
the Devonian series in France, Belgium, the Rhenish Provinces, 
Central Germany, and America.f I shall proceed first to treat of 
the main divisions which liave beeq established in Europe. 


Upper Devonian Rocks, 

Pilton Group, — The slates and sandstone of Barnstaple (No. 1., 
a, 6, of the preceding section) were formerly considered to be re- 
presented in Cornwall by the limestones of Petherwyn, which rise 
from under the Culm Measures, constituting the Petherwyu group 
of Professor Sedgwick. But later researches | liavo rendered it j)ru- 
bable that these beds overlie the 
Pethervvyn group ; they contain 
the shell Spirifer disjunctns^ Sow. 

{S, Verneuilii^ Murcli.), (see fig. 

601.), found in Europe, Asia 
Minor, and even China ; Spi^ 
rifer Barriensis, S, Urii^ and 

A t r • 1 SpiriftT disjunc/ut, Sow, Syn. Sp. VernmiUt, 

JStrophalosia caperaia^ together Murci». 

with the large trilobite Phacops Upper Devonian, lloulogne. 

Inti/rons, Bronn (see fig. 602.), which is all but world-wide in its 
distribution. The fossils are numerous, and 
80 per cent, of them are distinct from those of 
even the Lower Carboniferous. 

Petherwyn Group, — A series of limestones 
and slates best developed at Petherwyn, in 
Cornwall. Among many other fossils, tlie 
Clymenia linearis (fig. 603.) and the minute 
crustacean Cypridina serrato-striata (fig. 604.) 
are so characteristic of these upper bods in 
Belgium, the Rheni.sh Provinces, the Hartz, 

Saxony, and Silesia, that strata of this division 
in Germany are distinguished by the names of 
“Clyraenien-Kalk” and “Cypridinen-schieftT.”§ 

With these are many Goniatites ( G, subsul^ 
catuSf Munster, and other species), both in Eng- 
land and on the Continent In Germany they rfmcopiiau/ionM.nmm^ 
are usually confined to distinct beds, as at ^ 

Oberscheld, also at Couvin in Belgium, kc, •»“***• a m«rric». 




• Quart. Joum. G^oL Soc., vol. viii. Von Meyer’s PalsDontographicfl, 3rd 
p. I., e( se^. vol. pt. 1. 

f See lir. Fridolin Sandberger on the % iSee Murchison’s Siluria, 2na ed., p. 
Devonian rocks of Nassau (Geol. Ver- 247. 

halt. Nassau); Fried. A. Rbmcr, on the § Ibid,, chaps, x., xiv,, and xv, 

Uartz Devonian Rocks, in Dunkcr and 
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Trilobites are not uufrequent in Cornwall ; they are chiefly restricted 
to species of’ Phacops, P, la^vis, &c., but in the upper Devonian 
limestones of the Fichtelgebirge, as at Elbersreuth in Bavariji, there 
are numerous other genera and species, such as Brontes^ Cyphastis, 
&c., which never rise higher in the series or appear in any portion of 
tim carboniferous limestone. 


Middle Devonian. 


The unfossiliferous series (No. 2., p. 532.) of North Devon, and 
the calcareous beds of Ilfracombe (3.), correspond to the Dartmoutli 
and Plymouth groups of Prof. Sedgwick’s South Devon series, and 
are the most typical })ortion of the Devonian system. They include 
the great limestones of Plymouth and Torbay, replete with shells, 
trilobites, and corals. A thick accumulation of slate and schist, 
full of the same fossils, occupies nearly all the southern portion of 
Devonshire and a large part of Cornwall. Among the corals we 
find the genera Favosites, UelioUtes^ and Cyalhophyllum^ the last 
genus equally abundant in the Silurian and Carboniferous systems, 



o. CyaikophyUtm cofipiUnum^ Godf. 

Plymouth nimI Ilfracombe, 
o. a terminal star, 
c. vertical section, exhibiting tram- 
Terae platai,and part of another 
branch. 
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the two former so freqoeat in Silurian rocks. Some feweren of the 
species are common to the Deroniau and Silurian groups^ as, for 
example, Favosites polymorpka (fig. 605.), one of the commonest of 
all the Devonshire fossils. The Cyaikapkyllum (fig. 

006.) and HelioUte$ pyri/armU (fig. 607.) are peculiarly cliaracter- 
istic; as is another very common species, the Autopora serpenM 
. 608.), which creeps over corals and shells iu its young state, 


Fig. C07. Fif. COS. 



Heliolitet poroM, Ooldf., tp. Pontes pyrifonnit, Auhpora Goldf. 

(The y(MmK bntal portion of a Spr 

a. portion of the tame magnifled. Middle De* MUue Edw. and Halme.) 

vonlan, Torquay i Plymouth ; Eiiet. 


as hero figured, but afterwards grows upwards and becomes a 
cluster of tubes connected by minute processes. In this state it 
has been supposed to be a distinct coral, and has been called Sy- 
ringopora. 

With the above arc found many stone-lilies or criuoids, some of 
them, such as Cupressocrinites, of forma generically distinct from 
those of the CarlK)niferou8 Limestone. The mollusks also are no 
less characteristic, among which the genus Slringocephalus (fig. 609.) 

Fig. 609. 



Siringoci-phaltu Bwrtinit Defr, {TerebratsUa por recta ^ Sow.) Elfel; »Iio Sooth Dtron, 


a valvei united. b. aide view of aame. 

c. Interior of larger valve, ahowing thick partition, end luurt of a large proceti which 
projecu from the other valve quite ai rosf the iheli. 


may be mentioned as exclusively Devonian. Many other Brachiopod 
shells, of the genus Spirifer^ &c., abounded, and among them the 
Atrypa reticularis^ Lion. sp. (fig. 627. p. 55 L), which seems to have 
been a cosmopolite species occun'ing in Devonian strata from 
Americra to Asia Minor, and which, as we shall hereafter see 
(p. 550,), lived also in the Silurian seas. Among the peculiar 
lamellibranchiate bivalves common to the Plymouth limestone of 
Devonshire and the Continent, we find the JUegalodon (fig. 610.), 
to^th^ with many spiral univalves, such as Murchisoniaf Emm- 
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^pkalu$y and Maerocheilw; and Pteropods such as Conularia (fig* 


Fig. 610. 


Fig. 611 . 



Mt’naJodim cuculiatu*^ Sow. Elfel j also Bridle}-. S. Devon. 

a. the valves united. 

b, liiteriur of valve, showing the large cardinal tooth. 


Conularia omafa, D’Arch. and 
l)e Verii. 

(Ocfd. Trans., fUv, Ser.. vol. vi, 
PI. 2l>.) Ref rath, near Cologne. 




(>11.). The cephalopoda, sucli as Cyrtocerus^ Gyroceras^ and others, 
arc nearly all of genera distinct from those prevailing in the Upper 
Devonian Limestone, or Clyrnenien-Kalk of the Germans already 
mentioned (p. 533.). Although but few species of Trilobites occur, 
the characteristic Brovtes flahellifer (fig. 612.) is far from rare, 
and all collectors are familiar with its fan-like tail, 'riie head is 
seldom found perfect ; a restoration of it has been attempted by 
Mr. Salter (fig. 613.) 


Fig. 612. 



Bron'n JlabtU\ftr^ Goldf. Bifel ; alio S. Devon. 

In this same formation, comprising in it the “ Stringocephalus 
limestone,^* or “ Eifel Limestone” of Germany, several remains of 
Coccosteus and other ichthyolites have been detected, and they serve, 
as Sir R. Murchison observes (Siluria, p. 371.), to identify the rock 
with the Old Red Sandstone of Britain and Russia. 

Beneath the Eifel Limestone (the great central and typical 
member of the Devonian ” on the Continent) lie certain schists 
called by German writers Calceola-schiefer,” l^ause they contain 
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in abundance a fossil body of 
very curious structure^ Cal- 
ceola iandahnn (fig. 614.), 
which has been usually eon- 
Hidered a brachiopod, but 
which some naturalists have 
lately referred to a coral. 
They suppose it to be an ab- 
normal form of the order 


Fl«. 614. 



Mttndaitua, Lam. EIW i »li« South I>4fvon. 
u. vetitii*! vwlve. b, inner liaeofdorMl «iiWe. 


Zoantharia rttgom (see fig. 

563. p. oil.), differing from all other corals in being furnished 


with a strong operculum. 


Lo wer Devon in n. 

Beneath the Middle Devonian limestones and schists already 
enumerated, a series of slaty beds and quartzose sandstones, the 
latter constituting the “ Older Khenish (ireywacke ’’ of Rbiner, and 
the “ Spirifer sandstone ** of Sandl)erger, arc exhibited between 
Coblentz and Caub.* A portion of these rocks on the Rhine and in 
some of the adjacent countries was regarded as “ Upper Silurian 
by Prof. Sedgwick and Sir R. Murchison in 1839, but their true 
age has since been determined. Their equivalents are found in 
England in the sandstones and slates of tlie Foreland and Linton 
in Devon (Nos. 4. and 5. of the section, p. 532.), and, according 
to Mr. Salter, in the sandstone of Tonjuay in South Devon, 
where many of the characteristic Rhenish fossils are met with. 
Tlie broad-winged Spiri- 
fers which distinguish the 
“ Spirifer - sandstein of 
Germany have their re- 
presentatives in the De- 
vonian strata of North .... . 

. . / r \ Spirifer mucronatui ^ HaW, Detoniftn of rcnnii 

America (sec fig. 615.). 

Among tiie Trilobites of this era several large species of Homa- 
lonotus (fig. 616.) are conspicuous. The genus is still better known 
as a Silurian form, but •the spiiiose species appear to belong exclu- 
sively to the Lower Devonian,’’ and are found in Britain, Europe, 
and the Cape of Good Hope. 

With the above are associated many species of Brachiopods, such 
as OrUiis^ LeptcenUy and Ckonetes^ and liuraerous Lamellibrancliiata, 
such as I^erima ; also the very remarkable fossil coral called Heuro- 
diclyum problematicum ( fi g. 6 1 7. ). 

Devonian of Russia , — The Devonian strata of Russia extend, 
according to Sir R. Murchison, over a region more spacious than 
the British Isles ; and it is remarkable that, where they consist of 
sandstone like the «Old Red” of Scotland and Central England, 
they are tenanted by fossil fishes often of the same species and still 

* IVlarehison’s Silaria, p. 368. 
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llomatonotui armaius, Burroeittor. Lower 
Devunluu ; Daun. In the Kilel. 

Obt. Thetwornwiof ipinei (inwn the body 
give »in nppeurHnce of more dUtmct inlobM- 
tioii tliNti reMlIy occurii id thi« or must other 
species of the genus. 


fig. 617. 



PUurodiclyum vtobi malicum, Ctoldfusi. I^owef 
Dmottliin ; of Plj mouth and Torquay; Loot* , 
Knrez, Ac. ; also in Germany at Diets, Kas»au, 
Ac. 

Ob$. Attached to a wormdike bodv (Srrpula). 
'I'he ii a catt in sanUso iie, the thin 

exnamled base of the coral l>eiug removed, and 
exposing the large polyvonat cells ; the wails of 
these ceils are perforated, and the casts ol these 
l>erioration» produce the cliain*like rows of dots 
between the cells. 


oftener of the same genera as the British, whereas when they consist 
of limestone they contain shells similar to those of Devonshire, thus 
conlirming, as Sir Roderick observes, the contemporaneous origin 
previously assigned to formations exhibiting two very distinct 
mineral types in different parts of Britain.* The calcareous and the 
arenaceous rocks of Russia above alluded to alternate in such a 
munuer as to leave no doubt of their having lyeen deposited at the 
same period. Among the fish common to the Russian and the British 
strata ore Asterolcpis Asmusii before mentioned ; a smaller species, 
A, minor y Ag. ; Holoptychius nobilissimus (p. 522.) ; Dendrodus 
strigatus^ Owen ; Pierivhlhys majors Ag. ; and many others. But 
some of the most marked of the Scottish genera, such as Cephalaspis^ 
Coccosteus^ DiplacanthtiSy CheirojcanthuSy &c., have not yet been 
found in Russia, owing perhaps to the present imperfect state of our 
researches, or possibly to geographical causes limiting the range of 
the extinct species. On the whole, no less than forty species of 
placoid and ganoid fish have been already collected in Russia, some 
of the placoids being of enormous size, as before stated, p. 530. 


Devonian Brachiopoda» 

The preponderance of the Brachiopods or Falliobranchiata among 
the bivalve shells forms a decided feature in the conchology of the 
Devonian strata as contrasted with that of rocks newer in the series, 
such as have been described in the preceding chapters. In a table 
of British fossils, constructed by Professor Ramsay, it appears that 
there are twice as many species of Brachiopods as of Lamellibran* 
chiate bivalves in the Devonian rocks, there being ninety-six known 

* Silario, p. 329. 
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Brachiopods to fortynieTeii LanielltbrauchiaU. In the anteeedent 
Silurian rocks the relative numbers are still more in favour of the 
Brachiopods, whereas, in the more modern Carboniferous formation, 
the proportions are more than reversed, for there are of the Car- 
boniferous Lamelllbranchiata 282 species, and only 123 Brachio- 
poda. 

The reader will of course conclude from what was said at p. 410. 
that all these oolitic species were not living at one and the same 
time, there having been continual changes going on in the fauna 
from the period of the lowest to that of the uppermost member of 
the oolitic series ; but the proportions of the two families of shells 
may be correctly deduced from the data above given. If we consult 
the same table to obtain the relative numbers of these same orders of 
mollusca in the oolites, we tind 536 Lamellibranchiata and only 
sixty-nine Braehiopoda, these last therefore bc‘ing reduced to nearly 
an eighth part of the whole bivalve fauna. If we then turn to the 
actual British seas, we observe that Forbes and Hanley give 220 
living species of Lamellibranchiata and only live Brachiopods, the 
latter being reduced to a forty-fourth part of the whole fauna. As 
the lamellibranchiate mollusks have an organization of a more com- 
plex and higher grade, the fact of their increasing preponderance 
i’rom the earliest to the latest times has been often cited, and not 
without reason, as favouring the theory of progressive development. 

Devonian Strata in the United States and Canada, 

In no country hitherto explored is there so complete a series of 
strata iutervening between the Carboniferous and Silurian as in the 
United States. This intermediate or Devonian group was first 
studied in all its details, and with due attention to its fossil remains, 
by the Government Surveyors of New York. In its geographical 
extent, that State, taken singly, is about equal in size to Great 
Britain ; and the geologist has the advantage of finding the 
Devonian rocks there in a nearly horizontal and undisturbed con- 
dition, so that the relative position of each formation can be ascer- 
tained with certainty. 

Subdivisions of the New York Devonian Strata y in the Reports of 
the Government Surveyors, 


Name* of Groupi. ’ Thlckneif In Fi»eU 

1. Cati-kill group, or Old Red Sandstone - - - - 2000 

2. Chemung group 1500 

3. Portage \ ,000 

4 . Genessee J 

5 . Tally 16 

6. Bamilton - 1000 

7. Maicellua ---.--*--60 

8. Comiferona 

9 . Onondaga J* • - - - " 

10. Schoharie 3 -10 

11. Cauda-GalU grit j - • “ * 

12 . Oriskanj taaditone ** • - - - • 5 to 80 
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These subdivisions are of very unequal value* whether we regard 
the thickness of the beds or the distinctness of their fossils ; but 
they have each some mineral or organic character to distinguish 
them from the rest. Moreover, it has been found, on comparing the 
geology of other North American States with the New York 
standard, that some of the above-mentioned groups, su<^ as Nos. 2. 
and 3,, which are respectively 1500 and 1000 ft. thick in New York, 
arc very local, and thin out when followed into adjoining States ; 
whereas others, such as Nos. 8. and 9., the total thickness of which 
is scarcely 50 feet in New Y’ork, can be traced over an area nearly 
as large as Europe. 

. liespecting the upper limit of the above system, there has been 
very little difference of opinion, since the lied Sandstone No. 1. 
contains Iloloptychius nobilissimus and other fish characteristic 
generically or specifically of the European Old Red. More doubt 
has been entertained in regard to the classification of Nos. 10, 11, 
and 12. M. de Verneuil proposed in 1847, after visiting the United 
States, to include the Oriskany sandstone in the Devonian ; and 
Mr. D. Sharpe, after examining the fossils which I had collected in 
America in 1842, arrived independently at the same conclusion.* 
The reaembhince of the Spirifers of this Oriskany sandstone to those 
of the Lower Devonian of the Eifcl was the chief motive assigned 
by M. de Verneuil for his view ; and the overlying Schoharie grit. 
No, 10., was classed as Devonian because it contained a species of 
jisterolepis. On the other hand, Prof. Hall adduces many fossils 
from Nos. 10. and 12. which resemble more nearly the Ludlow 
group of Murchison than any other European type; and he thinks, 
therefore, that those groups may be Upper Silurian.” Sir William 
Logan has shown that the fossils of the Gaspe limestones in Eastern 
•Canada favour the same opinion, and demonstrate at least how diffi- 
cult it is to draw a dividing line in that country between the De- 
vonian and Silurian systems. Although the Oriskany sandstone is 
no more than 30 feet thick in New Y"ork, it is sometimes 300 feet 
thick in Pennsylvania and Virginia, where, together with other 
primary or palaeozoic strata, it has been well studied by Professors 
W. B. and H. 1). Rogers. 

The upper divisions (from the Catskill to the Genessee groups 
inclusive, Nos. 1. to 4.) consist of arenaceous and shaly beds, and 
may have been of littoral origin. They vary greatly in thickness, 
and few of them can be traced into the far West whereas the 
calcareous groups. Nos. 8. and 9., although in New York they have 
seldom a united thickness of more than 50 feet, are observed to con- 
stitute an almost continuous coral-reef over an area of not less than 
500,000 square miles, from the State of New York to the Missis- 
sippi, and between Lakes Huron and Michigan, in the north, and 
the Ohio River and Tennessee in the south. In the Western States 

* Do Verneuil, Bulletin, 4. 678„ 1847; D. Sharpe, Quart Journ. Geol. Soc., 
voL iv. pp. 145., 1847. 
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they are represented by the upper part of what is termed ** the Cliff 
Limestone.” There is a grand display of this calcareous formation 
at the falls or rapids of the Ohio Biver at Ijouisville in Kentucky, 
where it much resembles a modern coral-reef. A wide extent ot* 
surface is exposed in a series of horizontal ledges, at all seasons when 
the water is, not high ; and, the softer parts of the stone having de- 
composed and wasted away, the harder calcareous corals stand out 
in relief, their erect stems sending out branches precisely as when 
they were living. Among other species I observed single corals, not 
less than 5 feet in diameter, of Favosiies gothlandica^ with its 
l)eautiful honeycomb structure w^ell displayed, and. by the side of it. 
the FavUtella^ combining a similar honeycombed form with the star 
of the Aslraa. There was also the cup-8ha[)ed CgathophyUum^ ami 
the delicate network of the Fenesfelln, and that elegant and well- 
known European species of fossil, called ‘‘ the chain coral,” Caterti- 
pora escharoides (see fig. G31., p. 553.). with a profusion of others. 
These coralline forms were mirigled with the joints, stems, and occa- 
sionally the heads of lily enerinites. Although hundreds of fine 
specimens liavo been detached from these rocks to enricdi tin^ 
museums of Europe and America, another crop is constantly work- 
ing its way out, under the action of the stream, and of the Him and 
rain in the warm season when the channel is laid dry. The watin's 
of the Ohio, when I visited the spot in April, 1846, wore more than 
40 feet below their highest level, and 20 feet above their lowest, so 
that large spaces of bare rock were exposed to view.* 

No less than 46 species of Brilisli Devonian corals are deHcrilK*d 
in the monograph published in 1853 by Messrs. M. Edwards and 
Jules Hairne (Palfeontographical Society), and only six of these occur 
in America; a fact, observes Prof. K. Forbes, which, when we call 
to mind the wide latitudinal range of the Anthozoa, has an important 
bearing on the determination of the geography of the northern 
liemisphere during the Devonian epoch. We must also remember 
that the more conspicuous corals of these ancient reefs, viz., those 
wliich are like our cup and star corals, all V)elong to the Zoartt/iaria 
rugosft, a sub-order which, as before stated (p. 511. et setp), lias no 
living repr(?sentative. Hence great caution must be used in admit- 
ting all inductions drawn from tlie presence and forms of these^ 
zoophytes, respecting the prevalence of a warm or tropical climaU* 
in high latitudes at the time when they flourished, — for such induc- 
tions, says Prof. E. Forbes, have been founded “on the mistaking of 
analogies for affinities.” f 

This calcareous division also contains Goniatiles^ Spirifers^ Pen- 
tremites, and many other genera of Mollusca and Crinoid(‘a, corres- 
ponding to those which abound in the Devonian of Europe, and some 
few of the forms are the same. But the difficulty of deciding on the 
exact parallelism of the New York subdivisions, as above enumerated, 

• Lyclfs Second Visit to the United t Ucol. Quart. Journ., vol. x. p. 60., 

States, vol. ii. p. 277. 1854. 
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'with the members of the European Devonian, i« very great, so few 
tire the species in common. This difficulty will best be appreciated 
by consulting the critical essay published by Mr. Hall in 1851, on 
the writings of European authors on this interesting question.* 
Indeed we are scarcely as yet able to decide on the parallelism of 
the principal groups even of the north and south of Scotland, or 
on the agreement of these again with the Devonian and Hhenish 
subdivisions. 

Canada. — Tn Western Canada many of the subdivisions of the 
New York Devonian system, as above enumerated, from the Chemung 
to the Oriskany formation, have been recognized by the British 
surveyors, and are even traceable continuously, as in the Niagara 
district, from the one country to the other. 

In Eastern Canada, or in the peninsula of 6asp4, south of the 
estuary of St. Lawrence, there is a great thickness of sandstone, 
conglomerate, and shales, referable to the Devonian period, and rich 
in fossil plants. The conglomerates occur in massive beds, one 
of them being 156 feet thick, including pebbles of white quartz, 
black chert, jtispers of various colours, porphyries and limestones, 
with a base of sandstone. They contain fragments of plants and 
fish-spines or Ichthyodoriilites of the genera Onchus and Mach<Bra^ 
canthum. Above these beds occur sandstones and shales of great 
thickness, some of the sandstones being ripple-marked. Towards the 
upper part of the whole series a small seam of coal has been observed 
With carbonaceous shale, measuring together about three inches ; it 
rests on a bed of clay, in which are the roots of Psiiophf/ton (see 
fig. 518.), while stems and leaflets of the same plant are met with 
in the shale above the coal, and in the carbonaceous shale associated 
with it. At several other levels strata much like the fine clays of 
the Carboniferous period are penetrated vertically by the rootlets of 
this same Psilophpton.^ 

South Africa. — The researches of Mr. Bain and Mr. Rubidge, at 
the Cape of Good Hope, have established the existence of a large 
Lower Devonian formation in that part of the southern hemisphere. 
Curiously enough, the fauna is strictly representative of that in 
northern regions, even to minute coincidences. The late Daniel 
^ Sharpe and Mr. Salter described many species referable to Trilobites, 
{Homalonotus and Phacops\ Annelids {Tentaculites), Mollusks, 
{Cucullella\ and large species of Crinoids allied to Bkodocrinmy 
‘Ac., all of the same genera as those found in Cornwall and Germany. 

Vegetation of the Devonian Periods 

From the works of Goppert, Unger, and Bronn, we learn that the 
fossil plants of the Devonian rocks in Europe resemble generically, 
with very few exceptions, those of the coal-measures, and more 

* Report of Foster and Whitney on t Sir W. E. Logan, Report of Gcof. 
Gcol. of L Superior, p. 802., Washing- Survey of Canada, p. 384., 1863. 
toil, 1851. 
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ample botanical data obtained from Canada and the United States 
lead to a similar conclusion respecting the 6ora of the same age in 
America. Dr. Dawson, of Montreal in an impc»rtaiit nmoir^ on 
this subject, after enumerating thiriy^two genera of Devonian plants 
aud sixty-nine species coUeei^ in the State of New York and in 
Canada, observes that they belong chiefly, as iS the C/arboniferous 
period, to Gymnosperms and Cryptogams. When we peruse his 
catalogue of Coniferm^ Siffillari^y Calamites^ AiierophyUitt. 
Aodendra^ I^pidontrohi^ and ferns of the genera Cydopieris^ 
ropteriSy Sphenopierist he., together with fruits, such as Cardio- 
carpum and Trigonocarpum, we might well suppose that we were 
presented with a list of carboniferous fossils ; and, if told that the 
species differed, and that there was some admixture even of genera 
unknown in Europe, we might be inclined to ascribe such a want of 
agreement to geographical circumstances, and especially to the dis- 
tance of the New from the Old World, But fortunately the coal 
formation is most fullj develoj>ed on the other side of tlie Atlantic, 
and is singularly like that of Europe, both lithologically and in a 
large proportion even of t!»e species of its fossil plants. There is 
also the most unequivocal evidence of relative age afforded by super- 
position, for the Devonian strata in the United States are seen to 
crop out from beneath the carboniferous on the borders of Penn- 
sylvania aud New York, where both formations are of groat thick- 
ness. 

On comparing the species of the Middle Devonian in these coun- 
tries with those of the Middle Coal-Measures, we find them all dis- 
tinct, whereas some few species im'f^s from the Upper Devonian into 
the Lower Carboniferous rocks. Tlie genus most charact<Tistic of 
the Devonian, and not found in the Coal, is one already alluded to, 
namely, Piilophyton^ believed by Dr. Dawson to be a ly copod ia- 
ceous plant, branching dichotomously (see P,princep$y fig. 618. A), 
with stems springing from a rhizome, A which last has circular 
areoles, d e, much resembling those of Stigmaria, and like it sending 
forth cylindrical rootlets, as at A c. The extreme points of some of 
the branchlets are rolled up so as to resemble the croziers or circi- 
nate vernation of ferns, h i the leaves or bracts, i, supposed to belong 
to the same plant, are described by Dawson as having enclosed the 
fructification. The remains of Piilophyion princeps have been 
traced through all the members of the Devonian series in Canada 
and the State of New York. Some under-clays in Gaspe are filled, 
as already stated, with its vertical rootlets just as are the fire- 
clays of the coo., both in Europe and America, with those of 
Stigmaria. 

One fragment of fossil wood, found some years ago by Professor 
Hall, in a Devonian limestone of the Hamilton group, on Lake 
Erie, has, according to Dawson the structure of an angiospermous 

• GeoL Quart Joum., voL xr. p. 477., 1859 ; also vol. xviii. p. 296., 1862. 

f Ibid., Yol. xyiii. p. 805., 1862, 
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PtUopkpton princrps. Dawson, Geol. Quart. Journ , rol. xy., 1863 ; and Canada Surrey, 1863.' 
Species cliaracteri«Uc of the whole Devonian period In North America. 

A. Pfilopkf/lon princeps, plant restored by Dawsou. /, stem, twice natural sise. 

AA. rhljtmne, or underground root-like stem. ff, termination of branches. 

Ac. cvUndrical rootlets. m crosier-like, or circinate vernation. 

d, rnisome. t. fructification. 

e. areok of rhlEome. 


exogen; but with this single exception the American Devonian 
flora affords, like the Carbon ifergus, no evidence of the existence of 
plants of higher organization than the gymnosperms. 

The monotonous character of the Carboniferous flora might be 
explained bj imagining that we have only the vegetation handed 
down to us of one set of stations, consisting of wide swampy flats. 
But Dr. Dawson supposes that the geographical conditions under 
which the Devonian plants grew were more varied, and had more of 
an upland character. If so, the limitation of a flora represented by 
so many genera and species to the gymnospermous and cryptogaraous 
orders, and the absence of plants of higher grade, a^mit of no 
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explanation hitherto advanced save that afforded by the theory of 
progressive development. Nothing is known of the insects, land- 
shells, or other terrestrial animals which co-existed with this 
Devonian flora, but we need not despair of future discoveries in 
this direction when we remember that slow as has been our pro- 
gress, we have at length begun to learn something respecting the 
terrestrial fauna of the Coal period. 

. Allusion has already been made to freshwater shells and to I^pi- 
dodendraand ferns (see figs. 585. and 586. p. 521.) found in Ireland 
associated with Devonian genera of fish. 
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CHAPTER XXVII. 

8ILURIA1J AND CAMBRIAN GROUPS. 

Hilurian iirata formerly called 'rfansition—Term Grauwacke— Subdivisions of 
Upper, Middle, and Lower Silurians — Ludlow formation and fossils— Oldest 
known remains of fossil fish — Wenlock formation, corals, cystideans, trilobites — 
Middle Silurian or Llandovery Beds — Lower Silurian rocks— Caradoc and Bala 
Beds — Upper and Lower Llandeilo formations — Cystides— Tribbites — Grapio- 
lites — Vast thickness of Lower Silurian strata, sedimentary and volcanic, in 
Wales— Foreign Silurian equivalents in Europe — Silurian strata of the United 
States— Amount of specific agreement of fossils with those of Europe — Canadian 
equivalents— Whether Silurian strata of deep-sea origin— Cambrian rocks — 
Classification and nomenclature— Barrande’s primordial fauna— Upper Cam- 
brian of Wales— Tremadoc slates — Lingula flags— Lower Cambrian — I«ong- 
mynd group — Oldest organic remains known in Europe — Foreign equivalents of 
the Cambrian group— Primordial zone of Bohemia — Characteristic trilobites — 
Metamorphosis of trilobites— Alum schists of Sweden and Norway — Potsdam 
sandstone of United Slates and Canada— Footprints near Montreal— Quebec 
strata and Huronian rocks— Minnesota trilobites — Rocks older than the Cam- 
brian- Laurentian group, Upper and Lower — Oldest known fossil, Eozoon Cana-^ 
dense— No remains of vertebrate animals known in strata below the Upper 
Silurian— Progressive discovery of vertebrata in older rocks— Theoretical infer- 
ences from the rarity or absence of vertebrata in the most ancient fossillferous 
formatiout. 

We come next in the descending order to the most ancient of the 
primary fossiliferous rocks, that series which comprises the greater 
part of the strata formerly called “ transition ” by Werner, for rea- 
sons explained in Chap. VIII., pp. 91. and 93. Geologists were 
also in the habit of applying to these older strata the general name 
of “ grauwacke^” by which the German miners designate a parti- 
cular variety of sandstone, usually an aggregate of small fragments 
of quartz, flinty slate (or Lydian stone), and clay-slate cemented to- 
gether by argillaceous matter. P'ar too much importance has been 
attached to this kind of rock, as if it belonged to a certain epoch in 
the earth’s history,* whereas a similar sandstone or grit is found in 
the Old Red, and in the Millstone Grit of the Coal, and sometimes 
in certain Cretaceous and even Eocene formations in the Alps. 

The annexed table will explain to the reader the successive 
formations into which the strata called Silurian by Sir Roderick 
Murchison may be ’subdivided : — 
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Upper 

Lodlov. 


Lower 

Ludlow, 


Upper 

Wenlock. 


Lower 

Wenlock. 


UjPPER SILURIAN ROCKa 

1. Ludlow Fobxation. 


PrevAlling Litholofk*! 
(*h»r»ct«n. 


Thkkntu 


80 


700 


50 


C a, Doumtm — Finc-gnined ycl- " 

lowish sandstones and hard reddish 
grits i at the base a ** bone-bed witlt 
fish remaina 

b, Diicaceoos grey sandstone and mnd- ) 
stone. ^ 

i cL AjfmeMhy Limestone, — AigiUaceous > 
limestone. > 

b. Lower Ludlow Shale. — Shale with cal- 
careous concretions, often of large size. 

2. Wenlock Formation. 

f Wenloek Limenione. — Concretionary and 
I thick-bedded limestone. 

Wenlock Shale, — Argillaceous shale, 
fre<jut*ntly fitigstonc. 1 Above 

I b. Woolhope Limentone and Denbighshire 1 3000 

1 Grit — Argillaceous limestone and 
I shale, sometimes replaced by fclspathic 
I sandstones and grit. 


OrfSttk R tin Aim. 

Marine moHutca of alwott 
every order, the Rrarhio- 
pttda OKMt aliundant ; 
Annelidec, Crinoidee.Mud 
roral* ; Platold and (in, 
nnid fluh (okle«t rem«ini 
ol'ftth yet known) i » tew 
Graptolttfti; ('ruetace/tof 
the KuTjriHerid ordtr ; 


Marine Molhiica and R«> 
diala ; ('niiurcafu ul 
the Triiohitr and Kuryp. 
let Id order*; GraptO' 
litea abundant. 


Upper 


Lower 

Llandovery. 


MIDDLE SILURIAN ROCKS. 

Llandovery Formation. 

Ca, Tarannon S/infe.— Purple or pale-co- 's 
loured shales. / 

b. May 'Hill Sandstone and Pentamerus 
Limestone. — Nodular limestone and 
dark shale ; calcareous sandstone, with 
underlying coarse grits, often red-co- 
loured. 

Llandovery Slates. — Hard sandstone and 'I 
slate, frequently with conglomerate V 
beds. J 


Crinoidaa and coral i 


800 

lu»ca, cliiefly 
potia; Pmtamerii 
Wing charact«ri«ttc «■ 

600 

iiinewooe*. 

to 


lOOC 



LOWER Sn.URIAN ROCKS. 
1. Caeadoc Formation. 


fa. Caradoc Sandstone. — Shelly sand- 

) stones and conglomerates and shales. 
b. Bala Limestone. — Arenaceous lime- 
1 stone; slate, and Bandstones with trap- 
l pean tuffs. 


12,000 




phatop^ida : 

ICenutarta] 

Cfiildev, abundatit ; 
Tnlohitei, reaebtiig their 
maximum in ipariwi ; 
Graptuiitai numerou*. 


2. Llakdeilo Forma|jov. 


Upper 

Llandcilo. 


r 


Upper Llandeilo — Dark-coloured slates, ^ 
with calcareous flags and sandstones. 


Lower 

Llandeilo. 


^b. Lower Llandeilo or Arenig Beds.-^ 
Quartxose sandstones and grltSy with 
argillaceous slates. 


1000 

to 

1500 


f Molluxca, chiefly Ce* ha- 
I Iftpods of large lire ; 
J Heteropoda (BeUrro- 
i phon) numerou* ; Grap* 
! tolite* ; Trilobltei of 
L Urge life. 
rFo*»iliofthe 


K liaadelio. TrUiMte« ou- 
j merouf; Grapcolke* of 
1 varkiui ipedet. 


c. Volcanic Rocks contmporaneous with a, ^ rOrttnle renaint, ai la s. 

and h . — Stratified tuffs (3300 ft.) ; fels- V 5800 - and fl 
paihic and porphyriiic Uvas (2500 ft). ^ k 



548 SUBDIVISIONS OF 8II-UKIAN BOCKS. FCh. XXVIL 

The name of Silurian waa first proposed by Sir Roderick Mur- 
chison for that great series of fossiliferous strata which lie imme- 
diately l>elow the Old Red Sandstone, and occupy that part of Wales 
and some contiguous counties of England which once constituted 
the kingdom of the Siluret, a tribe of ancient Britons. 

UPPER SILURIAN ROCKS, 

1. Ludlow Formatiofu 

This member of the Upper Silurian group, as will be seen by the 
above table, is about 800 feet thick, and subdivided into two parts 
— the Upper Ludlow and the Lower Ludlow — at or near the top of 
which last occurs the Ayraestry limestone. Each of these may bo 
distinguished near the town of Ludlow, and at other places in 
Shropshire and Herefordshire, by peculiar organic remains. 

Upper Ludlow* — a* Downton Sandstone. — This uppernKWt sub- 
division was originally classed by Sir R. Murchison, under the name 
of “ Tilestones,” with the Old Red Sandstone, the beds being often 
of a similar red colour. The whole was regarded as a transition 
group forming a passage from the Silurian strata to Old Red Sand- 
stone ; but it is now aseer^ined that the fossils agree in great part 
specifically, and in general character entirely, with those of the 
underlying Upper Ludlow rocks. Among these are Orthoceraa 
huUatumy Platyschisma heiiciteSy Bellerophon trilobatuSy Chonetes 
latUy &c., with numerous defences of fishes. These beds are well 
seen at Kington in Herefordshire, and at Downton Castle near 
Ludlow, where they are quarried for building. 

Bone-bed. — The bone-bed of the Upper Ludlow deserves especial 
notice as affording the most ancient example of fossil hsh occurring 
in any considerable quantity. It usually consists of one or two thin 
brown layers full of bony fragments near the junction of the Old Red 
Sandstone and the Ludlow rocks, and was first observed by Sir R. 
Murchison, neai’ the town of Ludlow, where it is three or four 
inches thick. It has since been traced to a distance of 45 miles 
from that i>oint into Gloucestershire and other counties, and is 
commonly not more than an inch thick, but varies to nearly a foot. 
At May-IIill two bone-beds are observable, with 14 feet of interven- 
ing strata full of Upper Ludlow fossils.* At that point immediately 
above the upper fish-bed numerous small globular bodies have been 
found, which were determined by Dr. Hooker to be the sporangia 
of a cryptogamic land-plant, probably lycopodiaceous. These beds 
occur just beneath the lowest strata of the “Old Red,” forming the 
uppermost part of the Downton sandstone. 

Most of the fish have been referred by Agassiz to his placoid 
order, some of them to the genus Onchus, to which the spine 
(fig. 619.) and the minute scales (fig. 620.) are supposed to belong. 

♦ Murchison’s Siluria, pp, 137-237. 
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It has been BUjE^gested, however, that Onchus may be one of those 
Acanthodian fish, referred by Agassiz to hiB Ganoid order, which 

Fig. 6)a Fif . €t0. 

a'O 

()whu$ I^mttr*atn4^ Ag«»t. Shagrf«n«»ralef of a placold ft»h 

Boae*bed. Upp«r Silurian ; Ludloar. (Thehttut). 

Bune*tMNl. Upp«r Ludlow. 

are so characteristic of the base of the Old Red Sandstone in For- 
farshire, although the species of the Old Red are all different from 
those of the Silurian beds now under con- 
sideration,* The jaw and teeth of another 
predaceous genua (fig. 621.) have also been 
detected, together with some specimens of 
Pteraspis Ludensis. As usual in bone-beds, 
the teeth and bones are, for the most part, 
fragmentary and rolled. 

b. Grey Sandstone and Mudstone^ ha. — The next subdivision of ihe 
Upper Ludlow consists of grey calcareous sandstone, or very com- 
monly a micaceouB stone, decomposing into soft mud, and contains, 
besides the shells just quoted, a Lingula^ which is common to it and 
the “ Tilestone (or Ledbury) beds, at the base of the Old Red. 
The Orthis orbicularis^ a round variety of O, elegantula^ is charac- 
teristic of the Upper Ludlow ; and the lowest or mudstone beds 
contain llhynchonella navicula (fig. 623.), which is common to this 


Fig. f»il. 



Fig. 622 . rig. 623. 



Orlhu elegantula, Dalm. Vjir. orbteuiaris^ 
J. Sow. Delbury. 

Upper Ludlow. 


Athyrii { Hhynckonella) navtcutn^ L Sow. 
Avrnettry limeatone ; *l»u in 
Upper and Lower Ludlow. 


bed and ihe Lower Ludlow. As usual in strata of the Primary 
periods, older than the coal, the brachiopodous mollusca greatly 
outnumber the lamellibranchiate (see above, p. 538.) ; but the latter 
are by no means unrepresented. Among other genera, for example, 
we observe Avicula and Pterinea, Cardioloy Ctenodonta (subgenus 
of Nucula\ Orthonota^ and Modiola. 

Some of the Upper Ludlow sandstones are ripple- marked, thus 
affording evidence of gradual deposition ; and the same may be said 
of the accompanying fine argillaceous shales which are of great thick* 
nesB, and liave been provincially named mudstones.** In some of 
these shales stems of crinoidea are found in an erect position, having 

♦ Powrie, Geol. Quart Joum., voL xx. p. 43B. 
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evidently become fosgil on the spots where they grew at the 
l>ottom of the sea. The facility with which these rocks, when ex- 
posed to the weather, are resolved into mud, proves that, notwith- 
standing their antiquity, they are nearly in the state in which they 
were first thrown down. 

Lower Ludlow. — a. Aymeiiry Limestone, — Tlie next group is a 
subcrystalline and argillaceous limestone, which is in some places 
50 feet thick, and distinguished around Aymestry and at Sedgley 
by the abundance of Pentamerus Knightii^ Sow. (fig. 624.), aUo 

rig. CM. 


Pentamerus Knightii, Sow, A)int:»try. | nat. size. 
n, tifw of both v«lve« united. • 

b. lougitudlaul •tfctlun ihruugli both valves, ihowlng the central plates or septa. 

found in the Lower Ludlow. This genus of brachiopoda was first 
found in Silurian strata, and is exclusively a palasozoic form. 
The name was derived from Trcrrf, pente, five, and yipog^ mcros, a 
part, because both valves are divided by a central septum, making 
four chambers, and in one valve the septum itself contains a small 
chamber, making five. The size of these septa is enormous compared 
with those of any other brachiopod shell ; and they must nearly have 
divided the animal into two equal halves ; but they are, neverthe- 
less, of the same nature as the septa or plates which are found in the 
interior of Spiri/ery Terebratula, and many other 
shells of this order. Messrs. Murchison and De 
Veriieuil discovered this species dispersed in 
myriads through a white limestone of Upper 
Silurian age, on the banks of the Is, on the 
eastern flank of the Urals in Russia, and a similar 
species is frequent in Sweden. 

Three other abundant shellg in the Aymestry 
limestone aie, 1st, Lingula Lewisii (fig. 625.); 2iid, 
Hhynchonella Wihoni, Sow. (fig. 626.), which is 
Linguia Leuntii^ common to the Lower Ludlow and Wenlock 

Abbiri^ mill. limestonc ; 3rd, Atrypa reticularis^ Linn. (fig. 627.), 
which has a very wide range, being found in every 
part of the Upper Silurian system, and as far down as the Lower 
Llandovery rocks. 

The Aymestry Limestone contains so many shells, corals, and 
trilobites, agreeing specifically with those of the subjacent Wenlock 
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LOWEE LUDLOW SHALE. 


Wl 


Fif.fiie. 



Bkffnfkmittu (^TetiAratmkt) WiUomi^ Sow. AfOMtUr. 
ri«. 6SI7. 



Atrypa reticvJans^ Llnu. {Terebratula qJBflnn, Min. Con.) Aymettry. 
a. upi>«r vairr. b, lower valte. 

c. anterior margin of the ealvei. 


limestone, that it is scarcely distinguishable from it by its fossils 
alone. Nevertheless, many of the organic 
remains are common to the Aymestry lime- 
stone and the Upper Ludlow, and severa 
of these are not found in the Wcnlock.* 

According to Mr. Lightbody, the Ay- 
mestry limestone should be considered as 
subordinate to the Lower Ludlow shales 
next to be mentioned, as in some places 
these shales with their characteristic fossils 
occur both above and below it.f 

b. Lower Ludlow Shale, — This mass is a 
dark grey argillaceous deposit, containing, 
among other fossils, many large chambered 
shells of genera scarcely known in hqwqv pf,ragmoeeTii$mtrico$nmj.fK*^ 
rocks, M the Phragmoceras of Broderip, ’ 

and the Trochocerae of Barrande j^see 

tigs. 628, 629.). The latter is partly straight and partly convoluted 
in a very 6at spire. 

The Orthoceras Ludense (fig. 630.), as well as the cephalopod last 
mentioned, is almost peculiar to this member of the series. 

A species of Graptollte, G. Ludensis^ Murch. (fig. 640. p. 556.), a 
form of zoophyte or polyp which has not yet been met with in strata 
above the Silurian, occurs plentifully in the Lower Ludlow. 



* Murchison’s Siluxia, p. 133. 
t Quart GeoL Jouru., voL xix. p. 371., 1363. 
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Fig. i^so. Fig. m. 


Trockocerat ( JMuitet) giganUui, J . Sow. Fragimt of Ortkocerat Lwtensf, 3. Sow, 

Koiir Luiltow : jiluo in the Ajmettrjr and Lointwardine» Shropthire. 

Wenlock limcitonea. i nat. »li«. 

Starfish, as Sir R. Murchison points out, are by no means rare in 
the Lower Ludlow rock. These fossils present us with new genera, 
but they remind us of various living forms now found in our British 
Heas, both of the families Atteriadcp and OphinridiB. 

Oldest known fossil fish . — In 1855, when the last edition of this 
work was published, I was unable to cite any example of a fossil 
fish older than the bone-bed of the Upper Ludlow, but in 1859 a 
sjKicimen of Pteraspis was found at Church Hill, near Leintwardine 
in Shropshire, by Mr. J. 1C. Lee of Caerleon, F.6.S., in shale below 
the Ayniestry limestone, associated with fossil shells of the Lower 
Ludlow formation — shells which differ considerably from those cha- 
racterizing the Upper Ludlow already described. 

The genus Pteraspis^ as we have seen (p. 528.), is regarded by 
Prof. Huxley as allied to the Sturgeon, and therefore by no means of 
low grade in the piscine class. Hence its detection in the rocks lower 
in the series than those to which the earliest known vertebrata had 
previously been traced, is a fact of no slight interest ; for they 
who have full faith in the doctrine of progressive development will 
naturally expect to meet with the earliest vestiges of the piscine 
class in still more ancient strata. They may look, for example, in 
the Lower Silurian, or in the Cambrian rocks, for representatives of 
such orders as the Marsipobranchii and Pbaryngobranchii, to which 
the Lamprey and Amphioxus respectively belong. Professor Huxley 
remarks that some might argue that fish of those orders may be 
absent from the older rocks for the same reason that they are 
entirely missing in all the newer ones, whether palseozoic or neozoic, 
namely, because they arc without bony skeletons or hard scales.* 
But the same author reminds us that the Lampreys at least might 
have left some definite traces of their homy teeth. Besides, the 
advocates of progression would scarcely be satisfied with such a 
way of accounting for the total absence of all traces of icb thy elites in 
strata more ancient than the Upper Silurian, for, according to them, 
the earliest types of each class resembling the embryonic states of 
more highly organized beings, exhibit, when they are first developed, 
a great diversity of form and structure, as, according to tbeir view, did 
the batrachoid reptiles before the true saurians came into existence, 
or the saurians before the placental mammalia had entered on the 
stage. £ach primitive type, whether vertebrate or invertebrate, when 

* Memoirs of Surrey Decade, vqL z. p. 40. 
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first it became dominant and had the world to itself, unchecked in 
its struggle for life by the competition of rivals of more advanced 
structure, deviated in 8ha()e and organization in an infinite variety 
of ways, sometimes imitating in certain of its characters beings of 
higher grade. Under favourable conditions of this kind, we might 
expect some members of the lamprey and Amphioxut orders to have 
exchanged a gelatinous or semi-cartilaginous spinal cord for an 
ossified one, or to have acquired hard and scaly dermal coverings, 
or even to have been armed with teeth of more than horny consis- 
tency, and this without departing from the types of their respective 
orders. Had any such fossils been found in very ancient rocks, the 
])rogres8ioni8t8 would certainly have claimed them triumphantly as 
corroborating their views, and they are therefore bound in fairness to 
draw, from the absence of such remains in ancient strata which teem 
with organic forms, one of two conclusions ; namely, either that the 
progressive theory is doubtful, or that we can place no reliance what- 
ever on negative evidence as establishing the non-existence of 
certain types at remote eras. The latter is the alternative to which 
it appears to me we ought to incline in the present state of our 
knowledge. 

2. Wenlock Formatioru 

We next come to the Wenlock formation, which lias been divided 
(see Table, p. 547.) into the Upper Wenlock, or Wenlock Limestone, 
and tlie Lower Wenlock, including, first, the Wenlock shale, and 
secondly, the Woolhope limestone and Denbighshire grits. 

Upper Wenlock , — Wenlock Limestone , — This limestone, otherwise 
well known to collectors by the name of the Dudley limestone, forms 
a continuous ridge in Shropsliire, ranging for 
about 20 miles from S.W. to N.E., about a 
mile distant from the nearly parallel escarp- 
ment of the Ayraestry limestone. This ridgy 
prominence is due to the solidity of the rock, 
and to the softness of the shales above and 
below it. Near Wenlock it consists of thick 
masses of grey subcrystalline limestone, re- 
plete with corals and encrinites. It is es- 
sentially of a concretionary nature ; and 
the concretions, termed balLstones ” in 
Shropshire, are often enormous, even 8^1 feet 
in diameter. They are of pure carbonate of 
lime, the surrounding rock l^ing more or less 
argillaceous- Sometimes in the Malvern 
Hills this limestone, according to Professor *“* *'* 

Phillips, is oolitic. 

Among the corals in which this formation is so rich, the “ chain- 
coral,” Haly sites cateHularius^ or Catenipora eschar aides (fig, 631.), 
may be pointed out as one very easily recognized, and widely spread 
in Europe, ranging through all parts of the Silurian group, from 

* HorebuoD'f SUoria, chap. vL 
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the Aymestiy limestone to near the bottom of the series. Another 
coral^ the FavotUes Goihlandica (fig, 632,), is also met with in pro- 
fusion in large hemispherical masses, which break up into prismatic 
fragments, like that here figured (fig. 632.). Another common form 
in the Wenlock limestone is the Omphyma (fig. 633.), which, like 


Fif. 633. 



Favnsitet Gothlandica, Lam. Dudley. 

a. ponton of a large raaai ; less than the 

ruUiral Rise. 

b. magnified portion, to show the pores 

aud the partitions In the tubes. 


Fig.GSS. 



Omphyma turbinatttm, Linn. ip. 

{Cyalhophyllum, Goldf.) 
Wenlock Limestone, Shropshire. 


many of its companions, reminds us of some modern cup-corals, but 
all the Silurian genera belong to the paloDOzoic type before men- 
tioned (p. 511.), exhibiting the quadripartite arrangement of the 
lamelloi within the cup. 

Among the numerous Crinoids, several peculiar species of Cya- 
thocrinus (for genus, see figs., p. 513.) contribute their calcareous 
stems, arms, and cups towards the composition of the Wenlock lime- 
stone. Of Cystideans there are a few very remarkable forms, some 
of them peculiar to the Upper Silurian formation, as, for example, 
the FseudocriniteSf which was furnished with pinnated fixed arms*, 
as represented in the annexed figure (fig. 633.). 

The Brachiopoda are, many of them, of the same species as those 
of the Aymestry limestone ; as, for example, Atrypa reticularis (fig. 
627, p« 551.), and Strophomena depressa. Sow. sp. (fig. 635.) ; but 


Fig. 634. 



PttuScerinitu P«ftree. 

Wenlock Llmeetone, Dudley. 


» E. Forbes, Mem. GeoL Survey, vol. il p. 496. 


LOWER WEKLOCK. 
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the latter species range also from the Ludlow rocks, Wenlock shale, 
and to the Caradoc Sandstone. There are some species, however, 
pecnliar to the Upper Wenlock, of the genera Rhynchcmtlla^ RHzia^ 
Spirifer^ Athyris^ &c. 

The Crustaceans are represented almost exclusively by Trilohites, 
which are very conspicuous. The Calymene Rlumenbachii^ calliHl 
the Dudley Trilobite,” was known to collectors long before its true 
place ill the animal kingdom was ascertained. It is often found 
coiled up like the common Oniscus or wood*louae, and this is so 
common a circumstance among the trilobitcs os to lead us to conclude 
that they must have habitually resorted to this mode of protecting 
themselves when alarmed. The other common species is the Phacops 
caudatus (AsapAus caudatus)^ Brong. (see tig. 637.)* ^”3 this is con- 
spicuous for its large size and flattened form. Spkmrexochm mirm 
(tig. 638.) is almost a globe when rolled up, the forehead of this species 


Fig. C37. 



Phaatps (Asaphui) cauiaivt^ Brong. 
.Wenlock, A/tneatry, and Ludlow rocka. 


being extremely inflated. The Jlomalonotus^ a form of THlobite in 
which the tripartite division of the dorsal crust 


is almost lost (see fig. 639.), is very characteristic 
of this division of the Silurian series ; and there 
are numerous other genera and species. 

Lowtr WenlocK—a, Wenlock 6’yia/e.— This, ob- 
serves Sir R. Murchison, is infinitely the largest 
and most persistent member of the Wenlock 
formation, for the limestone often thins out 
and disappears. The shale, like the Lower Lud- 
low, often contains elliptical concretions of im- 
pure earthy limestone. In the Malvern district 
it is a mass of finely levigated argillaceous matter, 
attaining, according to Prof. Phillips, a thickness 
of 640 feet, but it is sometimes more than 1000 feet 
thick in Wales, and is worked for flagstones and 
slates. The prevailing fossils, besides corals and 
trilobites, and some crinoids, are several small 
species of OrthUy Cardioluy and numerous thin* 
shelled species of Orthoceratitei, More than one 


Fig.m 



UonuikmtAm 
pkalm,Konlg. Dttdiejr 
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Species of GraptolUe, a group of 
zoophytes before alluded to as being 
condned to Silurian rocks, is very 
»»>ui>dant in this sbale, and occurs 
more sparingly in *Uhe Ludlow/’ 
Of these fossils, which are more characteristic of the Lower Silurian, 
1 shall again speak in the sequel (p. 561.). 

5. Woolhope Limestone and Grit , — Though not always recognized 
as H separate subdivision of the Wenlock, the Wooihoi>e beds which 
underlie the Wenlock shale are of great importance. Usually they 
occur as massive or nodular limestones, underlaid by a fine shale or 
fiiigstone ; and in other cases, as in the noted Denbighshire sandstones, 
as a coarse grit of very great thickness. This grit forms mountain 
ranges through North and South Wales, aud is generally marked by 
tlio great sterility of the soil where it occurs. It contains the usual 
Wenlock fossils, but with the addition of some common in the 
uppermost Ludlow rock, such as Chonetes lata and Bellerophon 
frilobatus.^ The chief fossils of the Woolhope limestone are Illctnws 
Barriemis, Homalonotns dclphinocephalus (fig. 639.), Strophomena 
imbrex^ and Ithynchonella Wilsoni (fig. 626.). The latter attains 
in the Woolhope beds an unusual size for the species, the speci- 
mens being sometimes twice as largo as those found in the Wenlock 
limestone. 

MIDDLE SILURIAN ROOKS. 

Upper Llandovery, — a, Tarannon shale , — Next below the Wen- 
lock formation are found in some places the Tarannon shales or 
pale slates, sometimes purple, w'hich are of small thickness near 
Llandovery, but acquire large dimensions at Tarannon in Mont- 
gomerysliiro, being, according to Ramsay, about 1000 feet thick in 
that locality ; according to Mr. Jukes and Mr. Aveline, they form 
a baud of great persistence, extending from Llandovery, through 
Radnor and Montgomery, to North Wales. Fossils are rare in 
them, and most of them are of species common to the Wenlock for- 
mation. 

5. May*HiU Sandstone. — Next in descending order comes the 
May-Hill sandstone, which may bo advantageously studied at May- 
Hill in Gloucestershire and in the Malvern and Abberley Hills ; its 
position was first accurately determined by Prof. Sedgwick, who 
considered it as the true base of the Upper Silurian rocks. In the 
Malvern range it attains a thickness of 600 feet These beds were 
formerly called Upper Caradoc, when they were supposed to be part 
of the Caradoc formation, to be mentioned in the sequel ; but this 
nomenclature has been abandoned for good reasons, with which I 
need not here detain the reader. They are named Upper Llan- 
dovery by Sir R. Murchison in the last edition of his “ Siluria.” Con- 
jointly with the Lower Llandovery rocks, they have been called the 

* Sedgwick, Qaart Geol. Jouni., voL i. p. 20., 1845. 
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Pentatnerus beds, because jPtniamems /arrti is very abundant in 
them, a brachiopod wanting both in the Upper and Lower Silurian. 
It is usually accompanied by P> oiltm^us, which some zoologists 


FIf. «4I. 



Pmtamerut Uevii, Sow. Upper and Ix>wer Idandorerjr 
Perhapa the young of Pentamenu ftbtongui. 

«, A. Tlewi of the thell Itaelf, from figurea In Murchiaon’a ** Silurian Syatem.** 

c. cAat with portion uf ahcll remaining, and with the hollow of the central leptiim Ailed with 

spar. 

d. Internal cast of a ?aUe. the apace once occupied by the aeptum being represented by a hollow 

in which la leen a cast of (ho chamber within the septum. 

consider as the young of P, Itpvis, others as a distinct species : both 
forms have a wide geographical range, Wing also met with in tin? 
same part of the Silurian series in Russia and the United States. 

The May-Hill or Upper Llandovery group sometimes consists of 
a conglomerate, but oftener of limestones and thales, especially in 
the upper part. It ranges from the skirts of the Longmynd by 
Builth, Llandovery, and Llandeilo, to the sea in Marlow^s Bay, 
where it is particularly well exhibited in the clids. The con- 
glomerate is derived from the waste of the Lower Silurian rocks. 
About sixty species of fossils are known in the May-IIill division, 
more than half of w'hich are, according to Mr. Salter, Wenlock 
hpecies. They consist of trilobites of the genera lUtenus and Culy* 
mene; Brachiopods of the genera Orthis, 

'Atrypa^ Leptcpna^ PentameruSy Stropho^ 
mena^ and others ; Gasteropods of the 
genera Turho, Murchisonia^ and Belle^ 
rophon ; and Pteropods of the genus 
Conularia, The Brachiopods are aL 
most all Upper Silurian species. 

Among the fossils of the May-Hill TentacuHUt annulatu$, Sclilot. 

m . Iiiierlor c«u in >Aud»«mc. 

shelly sandstone at Malvern, lentacu- upper Uandove^ «id c«ri*dac i«iid^ 
liteB annulatus (fig. 642.), an annelid 
probably allied to Serpula^ is found. 

It is also abundant in the Caradoc or Lower Silurian. 

Llandovery Rocks (Lower Llandovery of Murchison). — Below the 
May-Hill group are the Llandovery Rocks, so named from a town 
in South Wales, where they are well developed and where they are 


Fig. 612. 
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overlaid tinooisformablj by the equivalent of the Maj-Hill sandatone. 
They conaiat chiefly of hard alaty rocks, with banda of aandatone 
and beds of conglomerate from 600 to 1000 feet in thicknesa. The 
foaaila, which are aomewhat rare, conaiat of twenty-eight known 
apeciea, some few peculiar, a part agreeing with the May-Hill beda 
and the reat, aixteen in number, iKjlonging to Lower Silurian apeciea ; 
besides these, no leas than fifty-four apeciea of fossils are given by 
Sir R, Murchison as common to the Lower Silurian (Caradoc) and 
the Wenlock formations, and we cannot doubt that all these existed 
in the intermediate Llandovery and May-Hill periods. 

The whole May-Hill and Llandovery aeries has been considered 
by some geologists as constituting beds of passage between the 
Lower and Upper Silurian, while others have assigned to it the 
rank of a Middle Silurian group. It may, with some reason, be 
objected that the number of peculiar fossils are not sufficient to 
entitle it to so important a distinction ; but there is no small 
culty at present in adopting any other classification. The two for- 
mations, the May-Hill and the Llandovery, are intimately connected 
by their fossils, the Lower having about two-thirds of its species 
common to the Upper zone. Again, half the species of the Llandovery 
pfiss down into the Lower Silurian, just as half the May-Hill 
species pass up into the Wenlock. In England we might draw the 
line, as Sir E. Murchison inclines to do, between Upper and Lower 
Silurian by classing the May-Hill w^ith the higher division, and the 
Llandovery with the lower ; but in countries where there is no un- 
conformability of strata between the two zones, such a line of 
demarcation between the middle of the Pentamerus beds would be 
impnicticable. It has been sometimes suggested that we might form 
a better tripartite division of the Silurian rocks by including the 
Wenlock with the May-Hill and Llandovery beds as a middle 
group, classing the two Ludlow formations as Upper, and the Cara- 
doc and Llandeilo formations as Lower Silurian;* but I am not 
prepared to adopt so great a change in the generally-received classi- 
fication. 


LOWER SILURIAN ROCKS. 

Caradoc and Bala Beds . — The Lower Silurian has been divided 
into — 1st, Caradoc Sandstone arrd Bala Beds; 2ndly, the Llandeilo 
Flags ; and 3rdly, the Lower Llandeilo or Arenig formation. The 
Car^oc sandstone was originally so named by Sir R, I. Murchison 
from the mountain called Cner Caradoc in Shropshire ; it consists of 
shelly sandstones of great thickness, and sometimes containing much 
calcareous matter. The rock is frequently laden with the beautiful 
trilobite called by Murchison ' Trifiuc/eMs Caractaci (see fig. 647. 
p. 559.), which ranges from the base to the summit of the forma- 
tion, usually accompanied by Strophomena grandis (see fig. 645.), 
and Orthis vespertilio (fig. 644.), with many other fossils. 


* See Report of Canada Survey Table of Equiralents, p 932., 1863. 
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Ortkis tricmaria^ Ortkii 9etperMio, Sow. StrupJkamtrma (OriJkis) gra$Mf^Ji, Sowertoy. 

Shropshire ; N. Rod | nat Bite. 

New York. Canada. $. Walet. ^ Horderly, Shropshire ; alto Conlitoa, 

I nat. tite. | nataiie. Lan^hire. 

Burmeistcr, in his work on the organization of trllobites, supposes 
them to have swum at the surface of the water in the oj>en sea and 
near coasts, feeding on smaller marine animals, and to have had the 
power of rolling themselves into a ball as a defence against injury 
lie was also of opinion that they underwent various transformations 
analogous to those of living crustaceans. M. Barrande, author of an 
admirable work on the Silurian rocks of Boliemia, confirms the 
doctrine of their metamorphosis, having traced more than twenty 
species through different stages of growth from the young state just 
after its escape from the egg to the adult form. He bos followed 
some of them from a point in which they show no eyes, no joints to 
the body, and no distinct tail, up to the complete form with the full 
number of segments. This change is brought about before the 
animal has attained a tenth part of its full dimensions, and hence 
such minute and delicate specimens are rarely met with. Some of 
bis figures of the metamorphoses of the common Trinucleui are 
copied in the annexed wood-cuts (figs. 646, 647.). 


Fig 647. 


Fig. 646. 

mb e 

Young iDdividnali of Trinucleut com* 
eentricus ( T. omaius, B«rr.). 

a. young«Bt lUte. NBturxI lite mnd 

magnified : the body riogc not 
at all developed. 

b. a little older. One thorax joint 

c. Btill more advanced. Three thorax 

joints. The fourth, fifth, and 
sixth seraentt art* successively 
produceo, probably each time 
the animal moulted its crust. 

THmuclrmt comemtHcmi, Eaton. 

Syn. T. Caractaci, March. 

K. Ireland; Wales; Sbrbpthlre; N. America 
Bohemia. 

In Mr.- Salter’s monograph of the British trilohites, he expresses 
his opinion that their habit was to live on the sea-bottom and devour 
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the silt charged with organic matter as sea-worros do, or else, 
possibly, to devour the worms themselves. He supposes the trilobite 
to have had no jaws, and to have been provided with a suctorial 
month. • 

It has been ascertained that a great thickness of slaty and crys- 
talline rocks of South Wales, as well as those of Snowdon and Bala 
in North Wales, which were first supposed to be of older date than 
the Silurian sandstones and mudstones of Shropshire, are in fact 
identical in age with the Caradoc formation now under considera- 
tion, and contain the same organic remains. At Bala in Merioneth- 
shire, a limestone rich in fossils occurs, and below it sandstones 
some thousands of feet in thickness. In this limestone several rare 
starfishes are found, and abundance of those peculiar bodies called 
CystidcB, These last are amongst the most recent additions made by 
palaeontologists to the Radiaia. Their structure and relations were 
tirst elucidated in an essay published by Von Buch at Berlin in 


1845. They are the Sphmronites of old authors, and are usually 
met with as spheroidal bodies covered with polygonal plates, with a 
mouth on the upper side, and a point of attachment for a stem 

(which is almost always broken off) on 



the lower (fig. 648. b\ They were con- 
sidered by Professor E. h'orbes as inter- 
mediate between the crinoids and echi- 
noderms. The Echinospharonite here 
represented (fig. 648.) is characteristic 
of the Caradoc beds in Wales f, and of 
their equivalents in Sweden and Russia. 

With it have been found several other 
genera of the same family, such as 
SphcRTonites^ HemicosmiteSy See. Among 


nino^pkiniffs bnitictit, FJchwaid, «p. the mollusca are Pteropods of the genus 

(Of the family Cyxnd<*<ir.) ij • i • /i* ^ 

a. mouth. tonullaria of large size (for genus, see 

fig- en. p. sse.) ; Graptolites are rare, 


except ill peculiar localities where black 


mud abounds. The formation, when traced into South Wales and 


Ireland, assumes a greatly altered mineral aspect, but still retains 


its characteristic fossils. In Tyrol it is especially rich in organic 
remains.^ is worthy of remark that, when it occurs under the 
form of trappean tuff (volcanic ashes of De la Beebe), as in the crest 
of Snowdon, the peculiar species which distinguish it from the 
Llandeilo beds are still observable. The formation generally appears 
to be of shallow-water origin, and in that respect is contrasted 
with the group next to be described. Professor Ramsay estimates 
the thickness of the Bala Bods; including the contemporaneous 
volcanic rocks, stratified and unstratified, as being from 10,000 to 
12,000 feet in thickness. 

Llandeilo Flags,~T!hQ Ix)wer Silurian strata were originally 


• Palaeontographica, vol. xvi. p. 9., and Mem. Gkol. Surv., voL ii. p. 518. 
1864. t See Portlock’s Report of London- 

f Quart. Geol. Journ^ voL vii. p. 11.; derry, 1843. 
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6iFided by Sir R Morchison into the upper group tlreidj deicrilied, 
under ihe name of Caradoe Sandstone, and a lower one, called, from 
a town in Caermarthenahire, the IJandeilo flags. The last-men* 
tioned strata consist of dark-coloured micaceous flags, frequently 
calcareousi, with a great thickness of shales, generally black, 
below them. The same beds are also seen at BuUth in Radnorshire, 
and here they are interstratifled with rolcanio matter. 

A still lower part of the Llandeilo rocks consists of a black car- 
bonaceous slate of great thickness, frequently containing sulphate of 
alumina, and sometimes, as in Dumfriesshire, beds of anthracite. 
It has been conjectured that this carbonaceous matter may bo due in 
great measure to large quantities of embedded animal remains, for 
the number of Graptolites included in these slates was certainly very 
great. I collected these same bodies in great numbers in Sweden and 
Norway in 1835-6, both in the higher and lower graptolitic shales 
of the Silurian system ; and was informed by Dr. Bock of Copen- 
hagen that they were fossil zoophytes related to the Virffularia and 
Pennatula^ genera of which the living species now inhabit mud and 
slimy sediment. Some of our most eminent naturalists still hold to 
this opinion, others refer them to Bryozoa. 


Fig. 619. 


Fig. 6F.0. 



Didffvwgrannu ( Graptolitet) 
MureiutonH, 

Llandeilo flagi. Walei. 


DiplojnaptuM priUn, 
Hiamger, ip. 

Bhropthire \ Walet ; Sweden, ht, 
Llandeilo flagt. 


Fig. m. 



Haitritet peregrimti, Barrande. DiplograptUi folium, H lilnger . 

Scotland; Bohemia; Saxony. Dumfrletahlre ; Sweden. 

Llandeilo Aa^. Llandeilo Aagt- 


The brachiopoda of the Llandeilo flags, which are very abundant, 
are in the main the same as those of the Caradoe Sandstone, but 
the other mollusca are in great part of different species. 

In Europe generally, as, for example, in Sweden and Russia^ no 
shells are so characWistlc of this formation as Orthoceratites, 
usually of great size, and with a wide siphuncle placed on one 
side instead of being central (see fig* 653.). The same form also 
occurs in the Bala beds in England. Among other Cephalopods in 
the Llandeilo flags are LUuiie$ (see fig. 629.) ; in the same beds also 
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are fooud Bellerophon (see fig. 577. p. 516.) and some Pleropod shells 
{Comlaria, Theca, he.), also in spou where sand abounded lamelli- 

rif- 



Ortkocera* duplex^ Wahlenberg. Ruisia and Sweden. 

(From Murchiton’i ** SiJurla.'*) 

a, Utrral siphuncle laid bare by th« reinowal of a portion of tho chambered shell. 
0. coiiUnuotiuti ol the tame leea lo a trontverte section of the thell. 


branchiate bivalves of large size. The Crustaceans were plentifully 
represented by the Trilobites, which appear to have swarmed in the 
SSilurian seas just as crabs and shrimps do in our own. The genera 
Asaphus (tig. 654.), Ogygia (fig. 655.), and Trinucleus (figs. 646, 
647.) form u marked feature of the rich and varied Triiobitic fauna 
of this age. 


Fig. 664. 



Atttpkus iyramnu*, Murch. 
Liaudvllo ; Bithop’t Cottle, Ac. 


Fig. Sftb. 



Ogvgia thtchii, Burm. 

Syn. A$aphm BMckii^ Brongn. 

Bulltb, Radoorthire i Lioiideilo, Caerinarthenibire. 


Beneath the black slates above described of the Llandeilo forma* 
tion, graptolites are still found in great variety and abundance, and 
the characteristic genera of shells and trilobites of the Lower 
Silurian rocks are still traceable downwards, in Shropshire, Cum- 
berland, and North and South Wales, through a vast depth of shaly 
beds, interstrati fied with trappean formations of contemporaneous 
origin ; these consist of tuflfs and lavas, the tufis being formed of 
such materials as are ejected from craters and deposited immediately 
on the bed of the ocean, or washed into it from the land. According 
to Professor Ramsay, their thickness is about 3300 feet in North 
Wales, including those of the Lower Llandeilo. The lavas are 
felspathic, and of porphyritic structiire, and, according to the same 
authority, of an aggregate thickness of 2500 feet. 

Lower JJandeilo Formation, Murchison ; Arenig, Sedgwick. — 
, in the descending order are the shales and sandstones in which 
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the quarUose rocks called Sliper-^toues in Shropahire occur. When 
the term Silurian was given by Sir R. Murchison, in 1835, to 
whole series, he consider^ the Stiper-s tones as the base of the Si- 
lurian system, but no fossil fauna bad then been obtained, such as 
could alone enable the geologist to draw a definite line between this 
member of the series and the Llandeilo flags above, or a vast thickness 
of rock below which was seen to form the Longmynd hills, and was 
called “ unfossiliferous graywacke.” Professor l^dgwick had de- 
scribed strata now ascertained to be of the same age as largely de- 
veloped in, the Aren ig mountain in Merionethshire, in 1843, and the 
Skiddaw slates, studied by t!ie same author, were of correspond! ii;; 
date, though the number of fossils was, in both cases, too few fur 
the determination of their true chronological relations. The subse- 
quent researches of MM. Sedgwick and Harkness in Cumberland, and 
of Sir R. L Murchison and the Government surveyors in Shropshire, 
have increased the species to more than sixty. These have been 
examined by Mr. Salter, and shown in the last edition of ** Siluria,” 
(p. 52, 1859,) to be quite distinct from tlie fossils of the overlying 
Llandeilo flags. Among these the Lingula plumbtOy ^Eglina binodosu^ 
Ogygia Selwgnii, and Didgmo- 
grapsus geminus (fig. 656.), and 
/). hirundo^ are characteristic* 

In reference to the classiflca* utd^tHogpoptui gftntttu§, ] 
tion of the Silurian rocks, two Sw«<ien. 

questions have been raised ; first, whether the Lower Silurian, com- 
prising the Caradoc and Llandeilo beds already described, should be 
separated from the Upper Silurian under some new title, such as 
Cambro-Silurian ; and secondly, whether, if we reject this, the 
Arenig or Stiper-stones group (Lower Llandeilo of Murchison) 
should be regarded as the base of the Lower Silurian or as the top 
of a distinct and older series. In reference to the first question Sir 
R. Murchison, in his important work above cited*, has given a list of 
no less than fifty or sixty species of fossils (of which specimens had 
been examined either by Mr. Salter or Prof. McCoy), all common to 
the Upper and Lower Silurian strata, or, in other words, which, 
being found in the Caradoc, are also met with in the Werdock 
formation. The range upwards of so many species from the inferior 
to the superior group shows that, independently of tlie link supplied 
by the Llandovery or Middle Silurian, there is such a connection 
between the two principal divisions (Upper and Lower Silurian,) as 
makes it natural to assign the whole to one great system. To 
attempt, therefore, to give a new name to the Llandeilo beds, or to 
call them Cambrian or Cambro^ Silurian^ as has been propose*!, 
would be to act in violation of the ordinary rules of clussification, 
and would create much confusion by disturbing a nomenclature long 


* Siloria, p. 485. 

o o ^ 
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n‘ceiv'e6 and originally established, by Sir B. I. Murchison, on well* 
defined paleontological and straiigraphical data. 

As to the second question, whether a line should not be drawn 
l)etween the Llandeilo flags and the subjacent Stiper-stones or Arenig 
group, more may be said in its favour, since while so many species 
pass from Lower to Upper Silurian, there are none, according to 
Mr. Salter, which pass down from the Llandeilo flags or Upper 
Llandeilo, into the Arenig or Lower Llandeilo beds. But, although 
the species arc distinct, the genera are the same, as those which 
characterize the Silurian rocks above, and none of the primordial or 
Cambrian forms, presently to be mentioned, are intermixed. This 
Arenig group may therefore be conveniently regarded as the base 
of the great Silurian system, which, by the thickness of its strata 
and tlio changes in animal life of which it contains the record, is 
more than equal in value to the Devonian, or Carboniferous, or other 
principal divisions, whether of primary or secondary date. 

It would be unsafe to roly on the mere thickness of the strata, 
considered apart from the great fluctuations in organic life which 
took place between the era of the Llandeilo and that of the Ludlow 
formation, especially as the enormous pile of Silurian rocks observed 
in Groat Britain, and especially in Wales, is derived in great part 
from igneous action, and is not confined to the ordinary deposition 
of sediment from rivers or the waste of cliffs. 

In volcanic archipelagoes, such as the Canaries, we see the most 
active of all known causes, aqueous and igneous, simultaneously 
at work to produce gi-eat results in a comparatively moderate 
lapse of time. The outpouring of repeated streams of lava, — the 
showering down u{>on land and sea of volcanic ashes, — the sweep- 
ing seaward of loose sand and cinders, or of rocks ground down 
to pebbles and sand, by rivers and torrents descending steeply in- 
clined channels, — the undermining and eating away of long lines 
of sea-cliff exposed to the swell of a deep and open ocean, — these 
operations combine to ju oduce a considerable volume of superimposed 
matter, without there being time for any extensive change of species. 
Nevertheless, there would seem to be a limit to the thickness of 
stony masses formed even under such favourable circumstances, for 
the analogy of tertiary volcanic regions lends no countenance to the 
notion that sedimentary and igneous rocks 25,000, much less 45,000 
feet thick, like those of Wales, could originate while one and the 
same fauna should continue to people the earth. If, then, we allow 
that about 25,000 feet of matter may be ascribed to one system, such 
as the Silurian, as above described, we may be prepared to discover 
in the next series of subjacent rocks, a distinct assemblage of species, 
or even in great part of genera, of organic remains. Such appears 
to be the fact, and T shall therefore conclude with the Lower Llan- 
deilo or Arenig beds, my enumeration of the Silurian formations in 
Great Britain, and proceed to say something of their foreign 
equivalents, before treating of rocks older than the Silurian. 
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SILURIAN STRATA OF THE CONTINENT OF EUROPE. 

When we turn to the Continent of Europe, we discover the satno 
ancient series occupying a wide area, but in no region as yet has it 
been observed to attain great thickness. Thus, in Norway and 
Sweden, the total thickness of strata of Silurian age is scarcely 
equal to 1000 feet^, although the representatives both of the 
Upper and Lower Silurian of England are not wanting there, and 
even some beds of schist have been included which, as we shall 
hereafter see, lie below the Llandeilo group. In Russia the Silurian 
strata, so far as they are yet known, seem to be oven of smaller 
vertical dimensions than in Scandinavia, and they appear to consist 
chiefly of Middle and Lower Silurian, or of a limestone containing 
Pentamerus obhngtis^ below which are strata w'ith fossils corre- 
sponding to those of the Llandeilo beds of England, The lowest rock 
with organic remains yet discovered is “ the Uugulite or Obolus grit** 
of St Petersburg, probably coeval with the Llandeilo flags of W^alej#. 

Tlie shales and grits near St. Petersburg, above alluded to, contain 
green grains in their sandy layers, and are in a singularly unaltered 
state, taking into account their high antiquity. The prevailing 
brachiopods consist of the Obolus or Ungulite of Pander, and a 
Siphonotreta (figs. 6o7, 658.). NotHvithstaiiding the antiquity of 


SftrUt 0/tMf UitecU known Fo$$iU/erout Anti tm fiuHia. 


Fig.C57. 



Sipkonotrcia un^uicutaia. Kichtrald. 
From the Lawe.t Siluri.m Saudatone Oboluf 
griu/' of Pvterkburg. 

а. ouUide of perforated valve. 

б. interior of aame, ihowing the terminatioo of 

the foramen within. (Davidson.) 


Fig, m. 



Oliolui JpoUtnii, Eichwaid. 

From the same locality. 
a. interior of the larger or ventral valvei. 

It. exterior of the upper (doisal) valve. 

( Davidson, ** Falroutograph. Monog.*'} 


this Russian formation, it should be stated that both of these genera 
of brachiopods have been also found in the UpjKJr Silurian of 
England, i.e. in the Dudley limestone. 

Among the green grains of the sandy strata above mentioned, 
Prof. Ehrenberg has announced (1854) his discovery of remains of 
ibramiuifera. These are casts of the cells ; and amongst five or six 
forms three are considered by him as referable to existing genera 
(e. g. Textularia, JRotalia, and Guttulind). 


SILURIAN STRATA OF THE UNITED STATES. 

The position of some of these strata, where they are bent and 
highly inclined in the Appalachian chain, or where they are nearly 


* Murchison’s Silnria, p. 321. 
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horizontal to the west of that chain, i« shown in the section, fig. 552* 
p. 494. But these formations can be studied still more advanta- 
geously north of the same line of section, in the Statesof New York, 
Ohio, and other regions north and south of the great Canadian lakes. 
Here they are found, as in Russia, nearly In horizontal position, and 
are more rich in well-preserved fossib than in almost any spot in 
Europe. In the State of New York, where the succession of the 
l>eds and their fossils have been most carefully worked out by the 
Government Surveyors, the subdivisions given in the first column 
of tlie annexed list have been adopted. 


Subdivisions of ike Silurian Strata of New York, (Strata below 
the Oriskany Sandsto?ie, see Table, p. 539.) 


New York Namei. 

1. Upper Pentamerus Limestone 

2. Encrinal Limestone 

X T>eUhyri8 Shaly Limestone 

4. Pentamerus and Tentaculite 

Limestones 

5. Water Lime Group 

6. Onondaga Salt Group 

7. Niagara Group 

S. Clinton Group 
9. Medina Sandstone 

10. Oneida Conglomerate 

11. Grey Sandstone 

1 2 Hudson River Group 

13. Utica Slate 

14. Trenton Limestone 

1 5. Black-River Limestone 

1 6. Bird’s-Eye Limestone 

1 7. Chazy Limestone 

18. Calciferous Sandstone 

19. Potidam Sandstone 


BrHiih £qui?a)enU, 


Upper Silurian (or Ludlow and 
Wenlock Formations). 


[Middle Silurian (or May-IIill and 
j Llandovery Groups). 


Lower Silurian (or Caradoc and 
Upper and Ix>wer 


Upper Cambrian. 


In the second column of the same table I have added the supposed 
British equivalents. All palseoutologists, European and American, 
such as MM. de Verneuil, D. Sharpe, Prof. Hall, E. Billings, and 
others, who have entered upon this comparison, admit that there is 
a marked general correspondence in the successiou of fossil forms, 
and even species, as we trace the organic remains downwards from 
the highest to the lowest beds ; but it is impossible to parallel each 
minor subdivision. In regard to the three following points there is 
little diflFerence of opinion. 

Ist. That the Niagara Limestone, No. 7., over which the river of 
that name is precipitated at the great cataract, together with its 
underlying shales, corresponds to the Wenlock limestone and shale of 
England. Among the species common to this formation in America 
and Europe are Cafymene Blumenbachiiy Homalonotus delphmoce- 
phalus (fig. 639. p. 555.), with several other trilobites ; Rhynekonella 
Wilsoniy and Retzia cuneata; Orthis elegantulay Pentamerus ga^ 
leatuSy with many more brachiopods ; Orthoceras annulatumy among 
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the cephalopodous shells; and Favo$ite$ ^oMandica^ with other 
large corals. 

2nd, That the Clinton Gronp, No, 8,, containing 
ohltmgui and P. /<rrw, and related more nearly by its fossil 
with the beds above than with those below, is the equivalent of the 
Middle Silurian as above defined, p. 556. 

3rd. That the Hudson River Group, No. 12., and the Trenton 
Limestone, No. 14., agree palieontologically with the Caradoc or 
Bala group, containing in common with them several species of 
trilobites, such as Asaphus {Igotelus) gigas^ Trinuclem eonctntricus 
(fig. 647. p. 559.) ; and various shells, such as Orihis sfriattiln, 
Orthig hiforata {or 0. /ynx), 0. porcata (0. occidentalii of Hall), 
Bellerophon hilobatus^ &c.* 

Mr. 1). Sharpe, in his report on the mollusca collected by me from 
these strata in North America t, has concluded that the numl>er of 
species common to the Silurian rocks on both sides of the Atlantic 
is between 30 and 40 per cent. ; a result which, although no doubt 
liable to future modification, when a larger comparison shall have 
been made, proves, nevertheless, that many of the species had a wide 
geographical rango It seems that comparatively few of the gas- 
teropoda and lamellibranchiate bivalves of North America can be 
identified specifically with European fossils, while no less than two- 
fifths of the brachiopoda, of which my collection chiefly consisted, 
are the same. In explanation of these facts, it is suggested that 
most of the recent brachiopoda (especially the orthidiform ones) arc 
inhabitants of deep water, and that they may have had a wider geo- 
graphical range than shells living near shore. The predominance of 
bivalve mollusca of this peculiar class has caused the Silurian jMjriod 
to be sometimes styled “ the age of brachiopods.” 

The calcareous beds, Nos. 15, 16, 17, and 18., below the Trenton 
Limestone, have been considered by M. de Vemeuil as Lower 
Silurian, because they contain certain species, such as A$aphus 
(Isoteltis) gigaSy lUcentu cras$icauday and Orthoceras bilineatumy in 
common with the overlying Trenton Limestone J But, according to 
Prof. Hall, the Illcmxis was erroneously identified, an error to which 
he confesses that he himself contributed ; and on the whole these 
lower beds contain, he thinks, a very distinct set of species, only 
three or four of them out of eighty*three passing upwards into the 
incumbent formations. § 

Be this as it may, the Black River Limestone, No. 15., contains 
certain forms of Orthoceras of enormous size (some of them 8 or 
9 feet long I), of the subgenera Ormoceras and Endheeroiy seeming 
to represent the Lower Silurian or Ortho<Jeras limestone of Sweden. 
Moreover, the general facies of the fauna of all these beds is 
essentially similar. Another ground for extending our comparison 
of the Llandeilo beds of Europe as far down as the calciferous 

* See Murchison’s Stltiria, p. 414. p. 651., 1847. 

f Quart. Geol. Joom., roL iv. § Hall ; Forster and Whitney’s Re- 

J boc. France^ BuUetin, voL iv. port on Lake Superior, Pt. II., 1851. 
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naudfitone i« derived from the reeetrches of Sir Willimn Logim in 
Canada, and the atodjr hy Mr. Salter of the fossils collected by the 
Canadian Surveyor near the S.E. end of the Ottawa River, where 
one mass of limestone encloses species common to all the beds from 
the Calciferous Sandstone (No. 18.) up to the Trenton Limestone 
(No. 14.). In this rock, the Asaphus gigoM and other well-known 
Trenton species are blended with the Mctelurea (6g. 659.), a left- 
liaiuied shell, considered by Woodward as probably a massive 
beleropod, a genus characteristic of the Chazy Limestone, or 


Fotiili/rifm AUwnetif Rapidif Hivrr OUatea, Canada. 


yfaclurea Logani, Saltnr. 

a. view of the ihelU b. iu curious operculum.- 

e 

Fig. f/)0. No. 17.; and Murchisonia gracilis (fig. 660.) is 

4 another Trenton Limestone species found in the 

same Silurian limestone of Canada *; while one of 
the most common shells in it is the Raphistoma ? 
{Emmphalus) unianyulaium^ Hall, a species 
characteristic in New York of the Calciferous 
Sandstone itself. On the whole, if we identify 
the lieds from the Black River Limestone down 
lire Culciferous Sandstone inclusively with the 

Low^r's^i^riin Upper and Lower Llandeilo, we shall be in har- 
mony with the latest opinions of American and 

British geologists. 

In Canada, as in the State of New York, the Potsdam Sandstone 
underlies the above-mentioned calcareous rocks, but contains a 
different suite of fossils, as will be hereafter explained. In parts of 
the globe still more remote from Europe the Silurian strata have 
also been recognized, as in South America, Australia, and recently 
by Captain Strachey in India. In all these regions tlie facies of the 
fauna, or the types of organic life, enable us to recognize the con- 
temporaneous origin of the rocks ; but the fossil species are 
distinct, showing that the old notion of a universal diffusion 
throughout the ** primneval seas of one uniform specific fauna was 
tjuite unfounded, geographical provinces having evidently existed 
in the oldest as in the most modern times. 

Whether the Silurian rocks are of deep-water origin. — The 
grounds relied upon by Professor E. Forbes for inferring that the 
larger part of the Silurian Fauna is indicative of a sea more than 70 

* LogaD,^Be|>ort, Brit. Assoc* Ipswich, pp. 59. 63. 
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fAtboms deep, are the folloaring : first, the small siae of the greater 
number of conehifera ; secondly, ilie paucity of |)ecitaibraiichiata (or 
spiral univaives); thirdly, the great number of floating shells, such 
as Bellerophon^ Orikoceras^ &c. ; fourthly, the abundance of orthidi- 
form brachiopoda ; fifthly, the absence or great rarity of fossil fish. 

It is doubtless true that some living Tertbratulm^ on tlie coast of 
Australia, inhabit shallow water ; but all the known species, allied 
in fprm to the extinct Orthis^ inhabit the depths of the sea. It 
should abo be remarked that Mr. Forbes, in advocating these views, 
was well aware of the existence of shores, bounding the Silurian sea 
in Shropshire, and of the occurrence of littoral species of this early 
date in the northern hemisphere. Such facts are not inconsistent 
with his theory ; for he has shown, in another work, how, on the 
coast of Lycia, deep-sea strata are at present forming in the Medi- 
terranean, in tlio vicihity of high and steep land. 

Had we discovered the ancient delta of some large Silurian 
river, we should doubtless have known more of the shallow -water, 
brack ish-w^ater, and fluviatilo animals, and of the terrestrial flora of 
the period under consideration. To assume that there were no such 
deltas in the Silurian world, would be almost as gratuitous au 
hypothesis, as for the inhabitants of the coral islands of the Pacific 
to indulge in a similar generalization respecting the actual coudition 
of the globe. 


“ CAMBUIAN GUOUr.” 

{Primordial Zone of Barrande.) 

The characters of the Upper and Lower Silurian rocks were 
established so fully, both on stratigraphieal and palaeontological data, 
by Sir Roderick Murchison after five years’ labour, in 1839, when 
his “ Silurian System” was published, that these formations could 
from that period be recognized and identified in all other parts of 
Europe and in North America, even in countries where the fossils 
differed specifically from those of the classical region in Britain, 
where they were first studied. But it was not till the year 1846 
that M. Joachim Barrande, after ten years’ exploration of Bohemia, 
and after collecting more than a thousand species of fossils, ascer- 
tained the existence in that country not only of the equivalents of 
the two formations above alluded to, but of another set of strata, 
characterized by a new and distinct fauna, to which, in the intro- 
duction to a treatise on trilobites, he gave the name of Etage C., or 
the “ first fauna.” His two first stages, A. and B., consisted of crys- 
talline and metamorphic rocks, and unfossiliferous schists. In the zone 
C., called soon afterwards by him “ primordial,*’ he had discovered 
in 1846 no less than twenty-six species of trilobites contained in 
shales and slates of considerable thickness, all of them belonging to 
new species and the greater part of them to new genera, called by 
him Paradoxides^ Conocepkalus (syn. Conocarypke\ Eliptocephalus^ 
Arion, Sao, and JBydrocephaluif and some of ^em to the genus 
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I, the only form common to his first and second fanna, the 
latter corresponding to the Lower Silurian of Murchison. M. 
Barrande classed this first fauna as the oldest member of the Silurian 
period, applying the term Silurian in Sir R. Murchison’s sense as 
comprehending all the fossil iferous strata older than the Devonian. 
He spoke of it as occupying “ le roeme horizon que les formations 
fossilif^res les plus anciennes de Suede, de Norvege et des Isles 
Britanniques and he added, still speaking of £tage C., “II forme 
done la base des terrains protozoiques, selon la deniiere classification 
du Rev. Professeur Sedgwick.”* It was impossible in 1846 for M. 
Barrande to make a nearer approach towards a just correlation of the 
Bohemian and British groups of strata, since at that time the Lower 
Silurian of Murchison had no well-defined base-line, physical or 
zoological, while the Cambrian or protozoic of Sedgwick, as distin- 
guished from the Lower Silurian, was without’a fauna. Even the 
Lingula DavisU, which will presently be mentioned, was not dis- 
covered till 1846, at which time the new organic types of Bohemia, 
older than the Lower Llandeilo beds above described, were so 
p(‘culinr as to enable geologists from that time forth to identify by 
their means alone* in Scandinavia, Russia, Canada, and the United 
States, strata of corresponding age. It was some years before a 
sufficient number of British fossils were found Ixilow the Lower 
Llandeilo beds to enable the geologist to identify the different 
members of the Cambrian group with their equivalents in Ireland 
and Scotland, and other parts of li^uropo. If, therefore, M. Bar- 
rando had, in 1846, called the fossiliferous rocks of his Etsge C. 
“Bohemian,” that name would, I have little doubt, have been uni- 
versally accepted, since he had acquired full right to give a name to 
the new group or system of rocks, the position and characteristic 
fossils of which he had first truly defined. 

The term primordial was intended to expi'ess M. Barrande’s own 
belief that the fossils of £tage C. afforded evidence of the first ap- 
pearance of vital phenomena on this planet, and that consequently 
no fossiliferous strata of older date would or could ever be dis- 
covered. 

I have been opposed from the first to a nomenclature the adoption 
of which would seem to imply the acceptance of such a theory, for 
I always felt sure, on contemplating the past history of geology, that 
we had not yet pushed our inquiries into the past so far as to lead 
us to despair of extending our discoveries at some future day, when 
vast portions of the globe hitherto unexplored should have been 
thoroughly surveyed. 

The term Cambrian had, long before 1846, been applied by Profes- 
sor Sedgwick to rocks, some of which we now know to be of contem- 
poraneous date with Barrande’s “ primordial zone.” Sedgwick had 
begun his exploration of these rocks in 1831, and in 1843 published 
memoirs on what he then termed the protozoic rocks of North Wales, 

* Trilobitei de Bobdme, Lcipsig, 1 84 S. 



CAXBBIAK GBOUP, 


Cm. XXVIL] 


57f 


giving deuiled sections by which the geological structure of an 
intricate region was admirably worked out. 

Large portions of the strata l>oth of South and North Wales at 
first called Cambrian, and supposed to be older than the Silurian 
rocks of Murchison, were afterwards proved by our surveyors, 
chiefly by the labours of Prof. Ramsay, to be the equivalents of 
the Lower Silurian rocks above described. 

The following table will show the succession of the strata in Eng- 
land and Wales which belong to the Cambrian groujp or the fossili- 
ferous rocks older than the Lower Llandeilo, to which are added the 
Laurentian formations of Canada, as the oldest in the world in 
which organic remains have yet been found. 


CAMBRIAN GROUP. 


1. Upper 
Cambrian 
Rocks. — 
(“ Prinior- 
(iiaJ Zone ” 
of Bar- 
rande) 


a. 


Tremadoc 

slates 


rDark carthr* slates 
\ with pisolitic 
ore 


fTrilobites of genera 
2000 j partly Silurian, anil 

j panly IVimordiul 

^ of Burrandc. Bil- 

lerophon ; Ortho- 
cerntite*, Theca. 


Lingula 


Micaceous 

stones 

shales 


'I 


flsB- 

nnH 


TTrilohites; Glenns, 
* 1 ) 0 !it I Conocoryphe; Pa- 

6000 1 iopo,\ enmtacenn ; 

Brachiopoda; Cvk- 
tideans. 


fo. Harlech fSandstonci “d ] fAnnelia*. 6 tc .pecie. 

Rocks. — grits I gnt J -qqq {Arenicoiitti 

( Long- &c.) ; one cru# 

mynd b. Llanhcris fSlates, with sandy 'j tacean; Olhamia. 

Group) slates J strata inter- !- 

t mixed J L 


LAURENTIAN GROUP. 


1. Upper Laurentian, 
Labrador Series 


2. Lower Laureniian 


Stratified highly 'j 
crystalline rocks, 
with much La- 1. „ | 
hradorite, and * 
other varieties of I 
L felspar J 

pOneiss; Quartaite 
Homblendic and 
micaceous 
schists, with 
dense intercala- 
ted limestones, 
one above 1000 ft. 
in thickness j 


r 

] None. 

i 

Foram in i fern ( Eozoan 


UPPER CAMBRIAN. 

Tremadoc Slaiei , — ^The Tremadoc slatea of Sedgwick are more 
than 1000 feet in thickness, and consist of dark earthy slates occur- 
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ring near the little town of Tremadoc, situated on the north ride of 
Cardigan Bay in Carnan*onshire. These slates were drst examined 
by Sedgwick in 1831, and were re-examined by him and described 
in 1846^, after some fossils had been found in the underlying 
Lingular flags by Mr. Davis. The inferiority in position of these 
Lingula flags to the Tremadoc Ix^ds was at the same time established. 
The overlying Tremadoc beds were traced by their pisolitic ore from 
Tremadoc to Dolgelly. No fossils proper to the Tremadoc slates 
were then observed, but subsequently, when the same beds were 
well searched by the collectors of the Government Survey in 1833 
and 1857, thirty-one species of all classes were found in them and 
determined by Mr. Salter. By their means he was able to separate 
tlie beds into an upjier and lower division : in the upper of which thero 
are about twenty species, and about fifteen in the lower. We have 
already seen that in the Lower Llandeilo (Stiper-stones or Arenig 
group), where the species are distinct, the genera agree with Silurian 
types ; but in these Tremadoc slates, where the species are also 
]>eculiar, there is about an equal admixture of Silurian types with 
those which Barrande has termed “ primordial.” Here, therefore, 
it may truly be said that we are entering upon a new domain of life 
in our retrospective survey of the past. The trilobites of new 
species, but of Lower Silurian forms, belong to the genera Ogygia^ 
AsaphtiSy and Cheimrus; whereas those belonging to primordial 
types, or Barrande's first fauna, as well as to the Lingula flags of 
.Wales, comprise Conocoryphe\y Olenus, several species, and Ange- 
Hna. In the Upper Tremadoc slates are found Bellerophon^ Ortho* 
ceras, and CgrtoceraSy all specifically distinct from Lower Silurian 
fossils of the same genera : the Pteropod Theca ranges throughout 
these slates ; there are no Graptolites. Tlie only Tremadoc species 
which, according to Salter, is not peculiar, is Lingula Bavisiiy which 
ranges from the top to the bottom of the foilnation, and links it with 
the zone next to be described. The Tremadoc slates are very local, 
and seem to be confined to a small part of North Wales ; and Prof. 
Ramsay supposes them to lie unconformably on the Lingula flags, 
and that a long interval of time elapsed between these formations. 

Lingula Flags, — Next below the Tremadoc slates in North Wales, 
lie micaceous flagstones and slates, in which, in 1846^ Mr. E. Davis 
discovered the Lingula named after him, and from which was 
derived the name of Lingula flags. J In these flags and shales, 
other fossils were found by subsequent researches, which were 
observed to differ specifically from those of the Llandeilo beds, 
or the lowest portion of the Lower Silurian then palsQontologically 
known. Tidlobites of the genera Olenus and Canoooryphe (for 

* Geol. Quart. Jonrn., vol iii. p. 156. by Salter to a subgenus LinguleUa^ but I 

t This genus has been substituted for retain the original name in this chapter, 
Barrande's Conocephalus, as the latter because it has long been used by geolo> 
term had been preoccupied by the ento- gists in their designation of the beds 
mologists. where it is so abundant. 

X This shell has since been referred 
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geuQB^ see fig« 667.X other forms, which will soon be pub* 
lished bj our Government Survey, were detected ; and ParadeMti 
(for genus, see fig. 666.), another of Barrande's primordial forms 
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of Bohemia, was also found both in North and South Wales, in 
the black slates of this era. With these also a phyllopoti crusta- 
cean (fig. 661.), and several genera of Brachiopoda, with a rare 
Cystidean and a sponge, were obtained. In all, about forty or 
forty-five species are already described by Mr. Salter, and other 
forms are still in his hands for investigation. 

In Merionethshire, says Prof. Ramsay, the Lingula flags are from 
5000 to 6000 feet thick ; in Carnarvonshire, near Llanberis, only 
about 2000 feet, having, in the space of about 11 miles, lost 4(XX) 
feet of their thickness. In Anglesea and on the Menai Straits, the 
Llandetlo and Bala Beds lie directly on (Lower) Cambrian strata, 
both the Lingula flags and Tremadoc slates being abseutf 


LOWER CAMBRIAN, 

{Longmynd Group,) 

Harlech Grits . — Older than the Lingula flags are stratified forma- 
tions of great thickness, but which have as yet proved very barren 
of organic remains, and have been variously called by Prof. Sedg- 
wick the Longmynd and Bangor group, comprising, first, the Bar- 
mouth and Harlech sandstones ; and secondly, the Llanberis slates. 
The sandstones of this period attain in the Longmynd Hills in 
Shropshire a thickness of no less than 6000 feet, without any inter- 
position of volcanic matter. In some places in Merionethshire they 
are still thicker. The labours of Mr. Salter in Shropshire and those 
of the late Dr. Kinahan in Wicklow have brought to light at least 
five species of Annelides in these rocks, two of which have been 
named Arenicolites sparsus and A, didymus. They occur in count- 
less myriads through a mile of thickness in the Longmynd, where 
also an obscure crustacean form has been discovered and named 

• These figures were given in Sir R. f Annivers^ Address, Geol. Quart. 
Murchison’s Siluria (2nd cd., 1854), Joum., vcL xix. p. 30., 1883. 
chap. ii. 
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Palatopyge Ram$ayi, .The Minds of this formation are often 
rippled, imd were eridentljr left drj at low tides, so that the surface 
was dried by the sun and made to shrink and present son*cracks. 
There are also distinct impressions of raindrops, like those figured 
at p. 486., on many surfaces.* 

Llanberii Slates, — The slates of Llanberis and Peorhyn in Car- 
narvonshire, with their associated sandy strata, attain a great 
thickness, sometimes about 3000 feet. They are perhaps not more 
ancient than the Harlech and Barmouth beds last mentioned, for they 
may represent the deposits of fine mud thrown down in the same 
sea, on the borders of which the sands above mentioned were accu~ 
Ululating. In some of these slaty rocks in Ireland, immediately 
opposite Anglesea and Carnarvon, two species of zoophytes have 
lieen found, to which the late Pixif. E. Forbes gave the name of 
Oldhamia, They may be considered as the most ancient fossils yet 
known in Europe. 

I%f mott anctcni fwsJuls ytt known in Europe (1864). * 

Fig. 6f»5. 



Oldhamia amtiqua, Forbes. 
Wicklow, Ireland. 


Wo may reasonably anticipate that the Longmynd fauna, if ever 
it shall become extensively known in the British Isles or elsewhere, 
will be found to ditfer considerably from that of the Upper Cambrian 
rocks, for the thickness of the beds unmixed with volcanic matter is 
very great, and they must have required a great lapse of time for 
their deposition. 


CAMBRIAN ROCKS OF BOHEMIA. 

(Primordial Zone of Barrande,) 

I have already spoken, p. 569., of the splendid results of M. Bar- 
rande’s labours, published in 1 846, in which year, after a prolonged 
investigation of the geology of Bohemia, he discovered a great series 
of palmozoic formations, for which he adopted Sir R. Murchison’s 

* Salter, Quart. Geol. Journ,, vol xiii., 1857. 
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general name of Silurian. The fimt or moat ancient of his three 
Silurian faunas, called hy him primordial, corresponds witli the 
British Upper Cambrian, as above described* The second tallies 
with Murchison^s Lower Silurian, and the third with the Upper 
Silurian of the same author. When M. Barrande, a French naturalist, 
undertook single-handed the survey of Bohemia, all the described 
S[>ecie8 of fossils previously obtained from that country scarcely ex* 
ceeded twenty in number, whereas he had already acquired in Ib^O 
no less than 1100 species, namely, 250 crustaceans, (chiefly trilobites,) 
250 cephalopoda, 160 gasteropoda and pteropods, 130 acephalous 
molluscs, 210 brachiopods, and 110 corals and other fossils. At a 
later period, 1856, M. Barrande states that he had in his collection 
l»etween 1400 and 1500 species from the same Silurian and primor- 
dial rocks of Bohemia.* 

In the primordial zone he discovered trilobites of the genera 
ParadoxideSf Conocephalus {Couocoryphe)^ £liipsoc€phalu$, Sao, 

Fasuis qf the loioett Foutlifcruus 2 kds in Bohaniit, or "\Fnmordtai Zone ** t/ Barrande^ 

F^ir. B07. 
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Fig. 660. , 



Farodoiide* Bokenuciu, Barr. 



ArionelluSy Hydrocephalu$y and Agnos- 
ias, These primordial trilobites have 
a peculiar facies of their own depen- 
dent on the multiplication of their tho- 
racic segments and the diminution of 
their caudal shield or pygidium. 

One of the “ primordial or Upper 
Cambrian Trilobites of the genus Sao, sao ktreuia, Barrande, in iu fwiou§ 

° , atages of growth. Hkn^w. 

a form not found as yet elsewhere in The iroaii un« i^eneath 

" tr»» .iu. In vntlt 

the world, has afforded M. Barrande a 
fine illustration of the metamorphosis 
of these creatures, for he has traced 
them through no less than twenty stages 
of their development. A few of these 

* Farali^le entre ks Depots Silariem dc Boheme et de 1 
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chftQges liATe been selected for representation in the accompanjing 
flgnres, that the reader may learn the gradual manner in which 
different segments of the body and the eyes make their appearance. 
When we reflect on the altered and crystalline condition usually 
l>elonging to rocks of this age, and how devoid of life they are for 
the most part in North Wales, Ireland, and Shropshire, the informa- 
tion respecting such minute details of the Natural History of these 
crustaceans, as is supplied by the Bohemian strata, may well excite 
our astonishment, and may reasonably lead us to indulges hope that 
geologists may one day gain an insight into the condition of the 
planet and its inhabitants at eras long antecedent to the Cambrian ; 
for those areas which have been subjected to a scrutiny as rigorous 
as North Wales and Bohemia form truly fnjflgnificant spots on a map 
of the whole globe. 

In Bohemia the primordial fauna of Barrande derived its import- 
ance exclusively from its numerous and peculiar trilobites. Besides 
these, however, the same ancient schists have yielded two genera of 
brachiopods, Orthis and Orhiculay a pteropod the genus Theca^ 
and four echinoderms of the Cystidean family. 

All the Bohemian species differ as yet from any found in England, 
which may be due entirely to the influence of geographical causes. 
It seems, nevertheless, to confirm the view here taken, of the “pri- 
mordial zone” being characterized by fossils distinguishable from 
the whole Lower Silurian group ; because the other and higher 
Silurian formations of Barrande have each of them several 
species in common with the successive subdivisions of the British 
series. 

Sweden and Nortvay . — Tlie Upper Cambrian beds of North Wales 
are represented in Sweden by strata, the fossils of which have been 
described by a most able naturalist, M. Angelin, in his “ Palaeonto- 
logica Suecica (1852-4).” The “alum-schists,” as they are called 
in Sweden, resting on a fucoid -sandstone, contain trilobites belonging 
to the genera Paradoxides, Olenus, Agnostus^ and others, some of 
which present rudimentary forms, like the genus last mentioned, 
without eyes, and with the body segments scarcely developed, and 
others again have the number of segments excessively multiplied, 
as in Paradoxides. These peculiarities agree with the characters 
of the crustaceans met with in the Upper Cambrian strata, before 
mentioned. 

The Swedish rocks have also yielded crustaceans of the family 
CyiherinideB^ and among the mollusca a small species of Orthoceras^ 
the only primordial cephalapod yet known, and also a Graptolite, 
together with most of the fossil forms discovered by Barrande in 
the Bohemian strata of the same age. 

United States and Canada.~ln the table at p. 556., I have 
already pointed out the relative position of the Potsdam Sandstone, 
which has long been supposed to be the lowest fossiliferous formation 
in the United States and Canada. The late Dr. Dale Owen pub- 
lished in 1852 a graphic sketch, in his survey of Wisconsin, of the 
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loireat sedimeutarj rocks near the head-waters of the Mississippi, 
lying at the base of the whole Silurian series. They are many 
hundred feet thick, and for the most part similar in character to the 
Potsdam sandstone above described, but in- 
cluding in their upper portions int€»rcalated 
bands of magnesian limestone, and in their 
lower some argillaceous beds. Among the 
shells of these strata are species of LinguUi 
and Orthis^ and several trilobites of the 
new genus Dikelocephalus (fig. 671.). These 
rocks, occurring in Iowa, Wisconsin, and 
Minnesotji, seem destined hereafter to throw 
great Hoht on the state of organic life in tho 
Cambrian period. Six beds containing trilo- 
bites, separated by stnitafrom 10 to 150 feet 
thick, are already enumerated. 

I have seen the Potsdam sandstone on 
the banks of the St. Lawrence in Canada, Dale owen. * iiumt ler. 
and on the borders ot Lake C hamplaui, «ro.ii». h«na«tono. 

where, as at Keesville, it is a white (quartz- ^ 

ose fine-grained grit, almost passing ijito 

quartzite. It is divided into horizontal rij)ple-marked beds, very like 
those of the Lingula flags of Britain, and replete with a small round- 
shaped Lingula {Obolella of Billings), in such numbers as to dividt^ 
the rock into parallel planes, in the same manner as do the scales ot* 
mica in some micaceous sandstones. This formation, as we learn from 
Sir W. Logan, is 700 feet thick in Canada ; the lower portion con- 
sisting of a conglomerate with quartz pebbles ; the upper part of 
sandstone containing fucoids, and perforated by small vertical holes, 
which are very characteristic of the rock, and appear to have been 
made by annelids {Scolithus linearis). 

On the banks of the St. Lawrence, near Beauharnois and eljw*' 
where, many fossil footprints have l>eea observed on the surface of 
its rippled layers. These impressions were first noticed by Mr. 
Abraham, of Montreal, in 1847, and were supposed to be tracks of a 
tortoise ; but Sir W. Logan brought in 1851 some of the slabs to 
London, together with numerous casts ot other slabs, enabling Prf>- 
fessor Owen to correct the idea first entertained, and to decide that 
they were not due to a clielonian, nor, as he imagines, to any verte- 
brate creature. The Professor inclines to the belief that they an* 
the trails of more than one species of articulate animal, probably 
allied to the King Crab, or Limulus, Between tho two rows of 
foot-tracks runs an impressed median line or channel, MUpfK>sed by 
the Professor to have been made by a caudal appendage rather than 
by a prominent part of the trunk. Some individuals appear to have 
had three, and others five pairs, of limbs used for locomotion. Tho 
Avidth of the tracks between the outermost impressions varies from 
3 ^ to 5| inches, which would imply a creature of much larger di- 
mensions than any organic body yet obtained from strata of such 
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antiquity. In this respect they agree with the gigantic Eurypte- 
rida, detected in the lowest Devonian and uppermost Silurian rocks, 
p. 523. Their size alone is important, as warning us of the danger 
of drawing any inference from mere negative evidence, as to the 
extreme poverty of the fauna of the earlier seas. 

Recent investigations by the naturalists of the Canadian survey 
have rendered it certain that below the level of the Potsdam Sand- 
stone there are slates and schists extending from New York to 
Newfoundland, occupied by a series of trilobitic forms similar in 
genera though not in 8})ecie8 to those found in the European Upper 
Cambrian strata. 

Quebec Group . — The Dikelocephalus al>ove mentioned is one of 
the most striking fossils found in the limestones of Quebec, which 
have recently attracted much attention. But there seems in these 
limestones to be a mixed fauna, which renders it probable that the 
Quebec group, as defined by Sir W. Logan and Mr. E. Billings, is 
the representative of our Lower Llandeilo (Arenig) and Tremadoc 
groups united. The characteristic graptolites lie in the upper por- 
tion, and are identical with those of Skiddaw ; and the mixture of 
primordial and Lower Silurian genera in the lower portion exactly 
reminds us of tlie similar mixture in the Tremadoc slate, while, 
according to Mr. Billings, there are many species identical with 
those of the calciferous sand-rock, the formation which immediately 
overlies the Potsdam satidstone and passes down into it imj>erceptibly. 

Huronian series . — Next below the Upper Cambrian occur strata 
called the Huronian by Sir W. Logan, which are of vast thickness, 
consisting chiefly of quartzite, with great masses of greenish chlori- 
tic slate, which sometimes include pebbles of crystalline rocks derived 
from the Laurontinn formation, next to be described. Limestones 
are rare in this series, but one band of 300 feet in thickness has been 
traced for considerable distances to the north of Lake Huron. Beds 
of greenstone are intercalated conformably with the quartzose and 
argillaceous members of this series. No organic remains have yet 
been found in any of the beds ; and whether they may be altered 
Lower Cambrian or some still older sedimentary formation in a 
semi-metamorphic state is uncertain. The Huronian strata are 
about 18,000 feet thick, and rest unconformably on the Lauren tian, 
next to be described. 


LAURENTIAN ROCKS. 

In the course of tbe geological survey carried on under the direct 
tion of Sir W. E. liOgan, it has been shown that, northward of the 
river St. Lawrence, there is a vast series of crystalline rocks of 
gneiss, mica-schist, quartzite, and limestone, more than 30,000 feet 
in thickness, which have been called Laurentian, and which are 
already known to occupy an area of about 200,000 square miles. 
They are not only more ancient than the fossiliferous Cambrian 
formations above described, but are older than the Huronian last 
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inentioaed, and liad undergone great dUturbiiig moremenU before 
ibe Potsdam sandstone and the other “primordial" rocks were 
formed. The older half of this Laurentian series is unconformablc 
to the newer portion of the same. 

Upper Laurentian or Labrador series , — Tlie Upper Group, more 
than 10,000 feet tliick, consists of stratitied crystalline rocks in 
which no organic remains have yet been found. They consist in 
great part of felspars, which vary in composition from anorthite to 
andesine, or from those kinds in wdiich tliere is less than one per 
cent, of potash and so<ia to those in which there is more than seven 
per cent, of these alkalies, the soda preponderating greatly. These 
felsparites sometimes form mountain masses almost without any 
admixture of other minerals ; but at other times they include 
pyroxene, which passes into hypersthene. They are often granitoi<l 
in structure. One of the varieties is the same as the opalescent 
labradorite rock of Ltibrador. The Adirondack Mountains in the 
State of New York are referred to the same series, and it is con- 
jectured tliat the hypersthene rocks of Skye, which resemble this 
formation in mineral character, may be of the same geological age. 

iMcer Laurentian , — This series, about 20,000 feet in thickness, 
is, as before stated, unconformable to that last mentioned ; it coit- 
sists in great part of gneiss of a reddish tint with orthoclase 
felspar. Beds of nearly pure quartz, from 400 to 600 feet thick, 
occur in some places. Ilornblendic and micaceous schists are oft(*n 
interstratified, and beds of limestone usually crystalline. 

There are several of these limestones which have been traced t(» 
great distances, and one of them is from 700 to 1500 feet thick. In 
the most massive of them Sir W. Logan observed in 1859 what he 
considered to bo an organic body much resembling the Siluriaji 
fossil called Stromaiopora rugosa. It had beem obtained the year 
before by Mr. J. McCulloch at the Grand Calumet on the river 
Ottawa. This fossil was examined in 1864 by Dr. Dawson of 
Montreal, who deU^cted in it, by aid of the micro8CO}>e, the distinct 
structure of a Khizopod or Foraminifer. Dr. Carpenter and Prof. 
T. Rupert Jones have since confirmed this opinion, comparing the 
structure to that of the well-known nummullte. It appears to have 
grown one layer over another, and to have formed reefs of lime- 
stone as do the living coral- building polyp animals. Parts of the 
original skeleton, consisting of carbonate of lime, are still preserved; 
while certain interspaces in the calcareous fossil have been filled up 
with serpentine and white augite. On this oldest of known organic 
remains Dr. Dawson has conferred the name of Eozoon Canadense ; 
its antiquity is such that the distance of time which separated it 
from the Upper Cambrian period, or that of the Potsdam sandstone, 
may, says Sir W. Logan, be equal to the time which elapsed between 
the Potsdam sandstone and the nummuUtic limestones of the Tertiary 
period. The Laurentian and Huronian rocks united are about 50,000 
feet in thickness, and the Lower Laurentian was disturbed before 
the newer series was deposited. Wo may naturally expect that 
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Other proofg of uncon fonnabilitj will hereafter be detected at more 
than one point in so vant a sucoesgion of strata. 

The mineral character of the Upper Laurentian differs, as we 
have seen, from that of the Lower, and the pebbles of gneiss in the 
Huronian conglomerates are thought to prove that the Laui-entian 
strata were already in a metainorphic state before they were broken 
up to supply materials ff>r the Huronian. Even if we had not dis- 
covered theEozoon, we might fairly have inferred from analogy that 
as the quartzites were once l)ed8 of sand, and the gneiss and mica- 
schist derived from shales and argillaceous sandstones, so the cal- 
careous masses, from 4()() to KXK) feet and more in thickness, were 
f)riginal]y of organic origin. This is now generally believed to 
have been the case with the Silurian, Devonian, Carbemiferous, 
Oolitic, and Cretaceous limestones and those nummulitic rocks of 
t<Ttiary date wliich hear the closest affinity to the Eozoon reefs of 
the Lower Laurentian. The oldest stratified rock in Scotland is 
tliat called by Sir R. Murchison “the fundamental gneiss,"* which 
forms the whole of the island of Lewis in the Hebrides. On this 
gmdss, in parts of the Western Highlands, the Lower Cambrian and 
various metainorphic rocks rest unconformably. It is conjectured 
that this ancient gneiss of Scotland may correspond in date with 
part of the great Laurentian group of North America. 

ON THE XlJfir.NOE OF VERTEIUIATA IN KOCK6 IlKLOW THE I PPEU 

blLl KIAN. 

Supposed Period of Invertebrate Animals . — We have seen that in 
the upper part of the Silurian system a bone-bed occurs near Ludlow, 
in wliich the remains of fish are abundant, and amongst them some 
of highly organized structure, referred to the genera Onchus and 
IHeraspii. We are indebted to Sir 11. Murchison for having first 
announced, in 1840, the discovery of tliese ichthyolites, and he then 
spoke of them as “the most ancient beings of their class.” In the 
third edition of his classical work*, he has reverted to the opinion 
formerly expressed by him, observing that the active researches of 
the last twenty years in Europe and America “ had failed to modify 
tliat generalization.” He also adds : “ The Silurian system therefore 
may be regarded as representing a long period in which no verte- 
brated animals had been called into existence.” 

In the same year (1859) in which this remark was hazarded, the 
discovery of t)xQ Pteraspisy mentioned by us at p. 552., in the Lower 
Ludlow rocks, carried back our knowledge of the existence of fish 
one step farther into the history of the past. But it is still a fact 
well worthy of notice that no remains of vertebrata have yet been 
met with in any strata older than the Lower Ludlow. 

When we reflect on the hundreds of Mollusks, Echinoderms, Trilo- 
bites, Corals, and other fossils already obtained from more ancient 
Silurian formations, Upper, Middle, and Lower, we may well ask, 

* Siluria, p. 2C8., 1859. 
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whether aiiy set of fossiliferou?^ rocks newer in the series were ever 
studied with equal diligence and over so vast an area without yield* 
ing a single ichthycdite* 

Yet we ought to hesitate before we accept, even on such evidence, 
so sweeping a conclusion, as that the glol>e, for ages aiW it was 
inhabited by all the great classes of inrertebrata, remained wholly 
untenanted by vertebrate animals. In the first place, w’c must re* 
member that we have detected no insects, or land-shells, or freshwater 
pulmoniferous mollusks, or terrestrial crustaceans, or plants (with 
the exception of fucoids), in rocks below the Upper Silurian. Their 
absence may admit of explanation, by supposing almost all tlie de- 
posits of that era hitherto examined to have b<*en formed in seas far 
from land or beyond the influence of rivers. Here and there, indeed, 
a shailow-w-ater, or even a littoral, deposit may have been met with 
in North Wales or North America ; Init, speaking generally, U»e 
Silurian deposits, as at present known, have certainly a more pelagic 
character than any other of e<|ual extent and thickness. 

It is a curious fact, and not perliaps a mere fortuitous coincidence, 
that the only stratum in which land-plants occur is also the only 
oi»e which has yielded the remains of fish in any considerable 
abundance, lione-bcds in general, such as that of the u]>pernu)jit 
Trias at Bristol and Stuttgart, or that of the Carbon ii’erous Lime- 
stone near Bristol and Armagh, or, lastly, that of the Upper 
Ludlow,” are remarkable for containuig teeth and bones, much 
rolled, and implying transportation from a distance. The association 
of the sporangia of Ly copod iaceie (see p. 548.) with the Ludlow 
fish-bones shows that plants had been washed from some dry land, 
tlieu existing, and had l>ecn drifted into a common submarine re- 
ceptacle with the bones; and it is w^ell known that in the present 
state of the globe fish occur in the greatest numbers at the junction 
of rivers with the sea. Where the Upper Ludlow is devoid of 
plants, ns is usually the case, it is as destitute of iebthyolites as arc 
the Wenlock or Llandeilo beds. 

It has been suggested in explanation, that Ccpbalo|>oda were so 
abundant in the 8ilurian period that they may have discharged the? 
functions of fish ; to which we may reply that both classes coexisted 
in the Upper Silurian period, and both of them swarmed together in 
the Carboniferous and Liassic seas, as they do now in certain parts 
of the ocean. We may also remark that we are too imperfectly 
acquainted with the distribution of scattered bones and teeth or the 
skeletons of dead fish on the floor of the existing ocean, to have a 
right to theorise with confidence on the absence of such relics over 
wide spaces at any former era. 

They who in our own times have explored the bod of the sea 
inform us that it is in general as barren of vertebrate remains ae 
the soil of a forest on which thousands of mammalia and reptiles 
have flourished for centuries. In the summer of 1850, Prof. E. 
Forbes and Mr. McAndrew dredged the bed of the British seas 
from the Isle of Portland to the Land’s End in Cornwall, and 



582 ABSENCE or FISH IN LOWER SILirRIAN. [Cm, XXVIL 

thence again to Shetland, recording and tabulating the numbers of 
the rarious organic boditjs brought up by them in the course of 
HO distinct dredgings, made at different distances from the shore, 
some a quarter of a mile, others forty miles distant. The list of 
species of marine invertebrate animals, whether Radiata, Mollusca, 
or Articulata, was very great, and the number of individuals enor- 
mous ; but the only instances of vertebrate animals consisted of a 
few ear-bones, and two or three vertebrae of fish, in all not above 
six relics. 

It is still more extraordinary that Mr. Mr Andrew should have 
dredged the great “Ling Banks” or cod-fishery grounds off the 
Shetland Islands for shells without obtaining the bones or teeth of 
any dead fish, although he sometimes drew up live fish from the 
mud. This is the more singular because there are some areas where 
r<‘cent fish-bones occur in the same northern seas in profusion, as I 
have shown in the “ Principles of Geology (see Index, “ Vidal *’) ; 
two bone-bedshaving been discovered by British hydrographers, one 
in the Irish vSca, and the other in the sea near the Faroe Isles, the 
first of tliem two, and the other three and a half miles in length, 
where the lead l)riug8 up everywhere the vcrtebrte of fish from 
various depths between 45 to 235 fathoms. These may be compared 
to the Upper Ludlow bone-bed ; and on the floor of the ocean of 
our times, as on that of the Silurian epoch, there are other wide spaces 
whore no bones are embedded in mud or sand. 

It may be true, tbough it sounds somewimt like a paradox, that 
tish leave bohiiid them no memorials of their presence in places 
where they swarm and multiply freely ; whereas cunents may drift 
their bones in great numbers to regions wholly destitute of living 
fish. Such a state of things ’would be quite analogous to what 
takes place on the habitable land, where, instead of the suifacQ 
becoming encumbered with heaps of skeletons of quadrupeds, 
birds, and land-reptiles, all solid bony substances are removed 
after death by cliernical processes, or by the digestive powers of 
piedaceous boasts ; so that, if at some future period a geologist 
should seek for monuments of the former existence of such crea- 
tures, lie must look anywhere rather than in the area where they 
flourished. He must scarcli for them in spots 'which were covered 
at the time with water, and to Avhich some bones or carcases may 
have been occasionally carried by floods and permanently buried in 
sediment. 

In the annexed Table, a few dates are set before the reader of the 
discovery of diffei'ent classes of animals in ancient rocks, to enable 
liim to perceive at a glance how gradual has been our pix)gre8s in 
tracing back the signs of vertebrata to formations of high antiquity. 
Such facts may be useful in warning us not to assume too hastily 
hat the point which our retrospect may have reached at the present 
moment can be regarded as fixing the date of the first introduction 
of any one class of beings upon the earth. 
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Dates of the Discovery of different Classes of Fossil Vertehrata ; 
showing the gradual Progress made in tracing them to Rocks of 
higher antiquity. 


M&mmalia. 


Yoar. Pormttiona. 

f 1798- —Upper Eocene. 

I 1818.- T>owcr Oolite. 

1 847.” Upper Trias. 


' 1782.— Upper Eocene. 


1839. — Lower Eocene. 


Area. -! 18.">4.— 
; 1855.-- 


I 1858. Upper Greensand. 
i^l8f)3. — Upper Oolite. 

f 1710.— Permian (or Zechstcin). 
Ueptilia, 1844. — Carboniferous. 


Pisces. 


'1709. — Permian (or Kupfer-schiefer). 
1793.— Carbon iferou8(Mouuiam J ame- 
stone). 
j 1828. — Devonian. 

I 1840.- Upper Ludlow. 

^^1859. — lx)wer Ludlow. 


Osovraphicsl LocalitiM 

pans (Gypsum of 
Montmartre).* 
Stoncsfield.* 
Stuttgart.* 

Paris (Gypsum of 
Montmartre).* 

Isle of Sheppey (Lon< 
don Clay) * 
Woolwich Beds.* 
lileiidon (Plastic 
Clay 

Cambridge.* 

Solenhofen.* 

Thuringia.** 
Saarbruck. near 
Troves. * ‘ 
"nuiringiii.'* 
Glasgow.** 

CailbneSR “ 

Ludlow.** 

Leiiitwurdinc.** 


' George Cuvier. Bulletin Soc. l^hilom., xx. Scattered bones had been found in 
the gypsum some years before; but they were determined ostcologically, and their 
true geological position was assigned to them in this memoir. 

In 1818, Cuvier, visiting the Museum of Oxford, decided on the mammalian 
character of a jaw from Stoncsfield. See also above, p. 404. 

* Plieninger, l^rof. See above, p. 430. 

* M. Darcet discovered, and Lurnanon figured, ns a fo.ssil bird, some remains 
from Montmartre, afterwards recognized as such by Cuvier (Ossemens Foss., Art. 
“ Oiseaux”). 

* Owen, Prof., Gcol. Trans., 2nd Scr., vol. vi. p. 20.3., 1839. The fossil liird dis- 
covered in the same year in the slates of (Jlaris in the Alp.s, and at first refi rred to 
the chalk, i.s now supposed to bfdong to the Nummulitic beds, and may therefore 
be of newer date than the Shep|>cy Clay. 

* A bird’s bone is also recorded by Mr. Prestwich as having be<m found by M. 
dc la Condamine in the upper part of the Woolwich beds. (Quart. Geol. Journ., 
vol. X. p. 157.) 

’ l^irly in 1855 the tibia and femur of a large bird equalling at least the ostrich 
in size were found at Meudon near -Paris, at the base of the Plastic Clay. 7’bis 
bird, to which the name of Gastomis PariMiensis has been assigned, apf>ears, from 
the Memoirs of MM. Hebert, Lartet, and Owen, to l)elong to an exfmet genus. 
Professor Owen refers it to the class of wading land-birds rather than to an aquatic 
species. (Quart Geol. Joum., vol. xii. p. 2011.^ 1856. 

* Mr. I^uis Barrett found many parts of the skeleton of a bird of the gull tribe 
in the coproHtic bed, in the Upper Greensand (sec above, p, 330.). 

* The Archaeopteryx macrura^ Owen, was determined to be a bird by Owen 
in 1863. It occurred in the lithographic stone of Solenhofen, in which a single 
feather, probably of the same bird, had previously been found (sec alwjve, p. 394.). 

** The fossil monitor of Thuringia ( Pro/orosaura# Speneri, V. Meyer) was figured 
by Spener, of Berlin, in 1810. (Miscel. Berlin.) 

* “ See above, p. 503. 

*= Memorabilia Saxonise Subterr., Leipsic, 1709. 

** History of Rutberglen, by Rev. David Ure» 1793. 

** Sedgwick and Murchison, GeoL Trans., Second Scr., voL iii. p* 141., 1828. 

Sir B. Mtticbisou. See above, p. 548. 
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Mr. Lee, of the Priory, Caerleon (see aboTC, p. 552.), f<wnd Pteraspis in pre- 
sence of Mr. LightlKxly, F.G.S. 

06#.— The critlence derived from footprints, though often to be relied on, is 
omitted in the above tabic, as being less exact than that founded on bones and 
teeth. 

There are many writers still living who, before the year 1854, 
generalized fearlessly on the non-existence of reptiles in times an- 
tecedent to the Permian ; yet in the course of nineteen years they 
liave lived to see the remains of reptiles of more than one family 
(‘xhurned from various parts of the Carboniferous series. Before the 
year 1818, it was the popular belief that the Palmotherium of the 
Paris gypsum and its associates were the first warm-blooded quadru- 
peds that ever trod the surface of this planet. So fixed was this 
idea in the minds of the majority of naturalists, that, when at length 
the Stonesfield Mammalia were brought to light, they were most un- 
willing to renounce their creed. P'irst, the antiquity of the rock was 
called in question ; and then the mammalian diameter of the relics. 
But when at length all controversy was set at rest on this point, 
the real import of the new revelation, as bearing on the doctrine of 
])^ogres^ive develojirnent, was iiu’ from being duly appreciated. 

Their significance arose from the aid they afforded us in estimating 
the true value of negative evidence, when adduced to establish the 
non-existenee of certain classes of animals at given periods of the 
past. Every zoologist will admit that between the first creation and 
the final extinction of any one of the oolitic mammalia now known, 
whether at Stonesfield or Purbeck, there were many successive 
generations ; and, even if the geographical range of each species was 
very limited (which we have no right to assume), still there must 
have been several hundred individuals in each generation, and pro- 
bably when the species reached its maximum, several thousands. 
When, therefore, wo encounter for the first time in 1854 two or 
three jaws of Stereognathus or Spalacotherium, after countless 
specimens of Mollusca and Crustace^e, and many insects, fish, and 
reptiles had been previously collected from the same beds, we are 
not simply taught that these individual quadrupeds flourished at the 
eras in question, but that thousands, perhaps hundreds of thousands, 
of the same species peopled tlie land, without leaving behind them 
any trace of their existence, whether in the shape of fossil bones or 
footprints ; or, if they left any traces, those have eluded a long and 
most laborious search. 

Moreover, we must never forget how many of the dates given in 
the above table (p. 583.) are due to British skill and energy, Great 
Britain being still the only country in the world in which mammalia 
have been found in oolitic rocks. And if geology had been culti- 
vated with less zeal in our island, we should know very little as 
yet of two extensive assemblages of tertiary mammalia of higher 
antiquity than the fauna of the Paris gypsum (already cited as 
having once laid claim to be the earliest that ever flourished on the 
earth) — namely, first, that of the Headon series (see above, p. 282.), 
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and, necondlj, one lonja; prior to it in date, and antecedent to the 
Ix)ndon Clay. This last has already afforded us indicationt^ of 
Cheiroptera, Pachydennata^ and Marsupiala (see p. 292.). I low 
then can we doubt, if the globe were to be studied with the same 
diligence, if the six great continents, Eurof>e, Asia, Africa, 
North and South America, and Australia, were equally well known, 
that every date at^signed by us in the above Table for the earliest 
recorded apj>earanco of fish, reptiles, birds, and maininals, wouhl 
Imvo to be altered and shifted back ? Nay, if one other area, 
such as part of Spain, of the size of England and Scotland, were 
subjected to the same scrutiny (and we are still very imperfectly 
acquainted even w4th Great Britain), each class of vertebrata would 
perhaps recede one or more steps farther l)ack into the abyss of 
time : tish might ptuictrate into the Lower Silurian,— reptiles into 
the Upper Devonian, — maniinalia into the Lower Trias, — birds into 
the Middle Oolite, — and, if we turn to the Invertebrata, Trilobites 
and Cephalopods might descend into the Lowe** Cambrian, — and 
Foraininifera into rocks now styled Azoic, and older than the Low(‘r 
Laureiitian. 

Yet, after these and many more analogous revisions of the Table, 
the order of chronological succession in the different classi's of fossil 
animals would probably continue the same as in-w ; — in other 
words, our success in tracing back the remaiie of each class to re- 
mote eras would be greatest in fishes, next in reptiles, and least in 
mammalia and birds. 

VVe have of late years acquired striking proofs of the difficulty of 
detecting the bones of man in those strata in which the works of 
his liands in the shape of flint implements abound. There are also 
large tracts of Koceae rocks very prolific of shells and other or- 
ganisms, in Belgium, for example, which liave been diligently 
studied for nearly a century without yielding a single bone of a 
mammifer. In the whoh^ world the cretaceous and oolitic rocks 
have each of them only afforded as yet a single examjile of a fossil 
bird. It would almost seem as if the higher the type of organiza- 
tion the more powerful the spell required to evoke the remains of a 
fossil being from its stony sepulchre. 

** Unwilling I my lips unclose — 

Leave, oh ! leave me to repose.’* 

That we should meet with ichthyolites more universally at each 
era, and at greater depths in the series, than any other class of 
fossil vertebrata, would follow partly from our having as pal®ontolo- 
gists to do chiefly with strata of marine origin, and partly, be- 
cause bones of fish, however partial and capricious their distribution 
on the bed of the sea, are nevertheless more easily met with than 
those of reptiles or mammalia. In like manner the extreme rarity 
of birds in Recent and Pliocene strata, even in those of fresh- 
water origin, might lead us to anticipate that their remains would 

obtained with the greatest difficulty in the older rocks^ as the Table 
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prove* to be the ca*e, — even in tertiarj strata, wherein we can more 
readily find deposits formed in lakes and estuaries. 

The only incongruity between the geological results, and those 
which our dredging experiences might have led us to anticipate 
a fyriori, consists in the frequency of fossil reptiles, and the com- 
parative scarcity of mammalia. It would appear that during all the 
secondary periods, not even excepting the newest part of the creta- 
ceous, there was a greater development of reptile life than is now 
witnessed in any part of the globe. The preponderance of this 
class over the mammalia may have depended in i>art on cUmatal 
conditions, but it seems also clearly to imply the limited develoj)- 
ment, if not the total absence, before the Tertiary period of the 
placental mammalia, whether ten*estrial or aquatic, which, when 
they became dominant, acquired power to check and keep down the 
class of vertebrata nearly allied to them in structure, and coming 
most directly in competition w'ith them in the struggle for life. 
For notwithstanding the impossibility of assigning even conjectural 
limits to the chronological extension of each class of vertebrata as 
we trace them farther and farther back into the past, it cannot be 
denied that our failure to detect signs of them in older strata, in 
jnoportion to the rank of their organization, favours the doctrine of 
development, or at least of the successive appearance on tlie earth of‘ 
beings more and more highly organized, culminating at last in the 
advent of Man himself. 
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CHAPTER XXYIIL 

VOLCANIC ROCKS. 

Trap rocks— Name, whcncf derived — Their orifjin at first doubted — 

'1 iieir gtMicral appearance and character — Vtdcanic cones and craters, how 
formed — Mineral composition and texture «>f volcanic rocks — Varieties of 
felspar — Hurnhlende and augite — Isoinorphisin ~ Ktn'ks, how to ho studied — 
liasalt, trachyte, greenstone, |M)rph\Tv, scoria, ainyg<laloui, lava, tuif — Agglo* 
mcnitc — I^icritc— AlphuUaical list, iind explanation of names ami syiionynis, of 
>olcatnc rocks — Table of the analyses of minerals most abundant in tho tol- 
canic and hypogeno rocks. 

Thk aqueous or loKsilifi?r<)U8 rocks liaving now hcim described, we 
liave next to exainim* those which may Iw* called volcanic, in the 
most extended sense of that U*rin. Suppose a a in the annexed 

Fli? 672. 
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a. Hypcfene TormAtiont, stratffied and unftratifl^i. 

b. Aqut'otu furtnatioiit. e. Volcanic rocki. 

diaj^ram, to represent the crystalline formations, such as the granitic 
and nietamorphic ; bb the fossiliferous strata ; and cc the volcanic 
rocks. These last are sometimes found, as was (‘xplained in the first 
chapter, breaking through a and b, sometimes overlying l>oth, and 
occasionally alternating with the strata b b. They also are secjn, in 
some instances, to pass insensibly into the unstratilied division of a, 
or the Plutonic rocks. 

When geologists first began to examine attentively the structure 
of the northern and western parts of Europe, they were almost en- 
tirely ignorant of the phenomena of existing volcanos. Tliey found 
certain rocks, for the most part without stratification, and of a 
pc^iuliar mineral composition, to whicfi they gave different names, 
such as basalt, greenstone, porphyry, and amygdaloid. All these, 
whicli were recognized as belonging to one family, were called “ trap ” 
by Bergmann, from trappa, Swedish for a flight of sUtps — a name 
since adopted very generally into the nomenclature of the science ; 
for it was observed that many rocks of this class occurred in great 
tabular masses of unequal extent, so as to form a succession of ter- 
races or steps on the sides of hills. This configuration appears to 
be derived from two causes. First, the abrupt original temi^nations 
of sheets of melted matter, which have spread, whether on the land 
or bottom of the sea, over a level surface. For we know, in the 
case of lava fiowing from a volcano, that a stream, when it has 
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[ to flow, and grown »olid, reiy commonly ends in a «taep elop<% 
as at a, fig. 678. But, secondly, the step-like appearance arises 

more frequently from the mode in which 
horizontal masses of igneous rock, such 
as b c, intercalated between acjiufous 
strata, or showers of volcanic dust and 
ashes, have, subsequently to their origin, 
lx*en exposed, at different heiglits, by 
denudation. Such an outline, it is true, 
is not peculiar to trap rocks ; great beds 
of limestone, and other hard kinds of 
atone, often presenting similar terraces and precipices: but these, 
are usually on a smaller Rcal<\ or less numerous, than the volcanic 
strps, or form less decided features in the landscape, as being less 
distinct in structure and composition from the associated roc’ks. 

Although the characters of trap rocks are greatly diversified, the 
beginner will easily learn to distinguish them as a class from the 
aqueous formations. Sometimes they present themselves, as already 
stated, in tabular masses, which are not divided by horizontal planes 
of stratification in the manner of sedimentary deposits. Sometimes 
they form chains of hills often conical in slia|)e. ' Not unfrequeritly 
tlu^y are seen as ‘‘dikes” or wall-like masses, intersecting fossili- 
ferous IhxIs. The rock is occasionally columnar, the columns some- 
times decomposing into balls of various siz(‘s, from a lew inches to 
several feet in diameter. The decomposing surface' very commonly 
assumes a coating of a rusty iron colour, from the oxidation of ferru- 
ginous matttir, so abundant in the traps in wliich augito or hotn- 
bleiido occur; or, in the felspathic varieties of trap, it acquires a 
white opaque coating, from the bleacliing of the mineral called fel- 
spar. On examining any of these volcanic rocks, where they have 
not suffered disintegration, we rarely fail to detect a crystalline 
arrangement in one or more of the component minerals. Sometimes 
the texture of the mass is cellular or porous, or ’wo perceive that it 
has once been full of pores and cells, which have afterwards become 
filled with carbonate of lime, or other infiltrated mineral. 

Most of the volcanic rocks produce a fertile soil by their disinte- 
gration. It seems that their component ingredients, silica, alumina, 
lime, potash, iron, and the rest, are in proportions well litted for 
the growth of vegetation. As they do not effervesce with acids, a 
deficiency of calcareous matter might at first bo suspected; but 
although the carbonate of lime is rare, except in the nodules of 
amygdaloids, yet it will bo seen that lime sometimes enters largely 
into the composition of augito and hornblende. (See Table, p. 602.) 

Cones and Craters . — In regions where the eruption of volcanic 
matter has taken place in the open air, and where the surface has 
never wee been subjected to great aqueous denudation, cones and 
craters constitute the most striking peculiarity of this class of form- 
ations. Many hundreds of these cones are seen in central France, 
in the ancient provinces of Auvergne, Velay, and Vivarais, where 
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they ob8€*rve, for the most psi% a linear ammgemefit^ and form 
chains of hills. Although none of the eruptions have happened 
within the historical era, the streams of lava may still bo traced dis- 
tinctly descending from many of the craters, and following the lowest 
levels of the existing vallej^s. The origin of the cone and crater- 
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Part of tUc chain of cKlinct volcanoi called the Monti Dome. Auvergne. 

shai>i‘d hill is well understocKh the growth of many having been 
watched during volcanic eruptions. A clia<m or hsHure first 
iu the earth, from which gn^at volumes of su^ain uiul other gases are 
evolved. The explosions are so violent us to hurl up into the air 
IVagmcnts of broken stone, parts of which arc shivered into minute 
atoms. At the same time melUnl stone or lara usually aseends througli 
the chimney or vent by which tln^ gases make their tJscajH*. Although 
extremely heavy, this lava is forced up by the ex])ansive power of 
entangled gaseous fluids, chi(‘fly steam or iu|iieous vapour, exactly in 
the same manner as w^at(T is made to boil over the edge of a veswd 
when steam has been generated at tlie bottom by heat. Larger 
quantities of the lava are also shot up into the air, wdiere it separates 
into fragments, and acquires a spongy texture by the sinlden enlarge- 
ment of the included gases, and thus forms scoriae^ other portions 
l>eing reduced to an iin[)alpable {H>vvdf‘r or tlust. The showering 
down of the various ejected materials round the orifice of eruption 
gives rise to a conical mound, in which tlie successive envelojM?8 of 
sand and scorim form layers, dipping on all sides from a central axis. 
In the mean time a hollow, called a crater^ has been kept oja^n in 
the middle of the mound by the continued passage uj) wards of st<‘am 
and other gaseous fluids. The lava sometimes flows over the edge of 
the crater, and thus tliickens and strengthens tlie sides of tlie cone ; 
but sometimes it breaks down the cone on one side (8<*o fig. C74.), 
and often it flows out from a fissure at the base of the hill, or at 
some distance from its base.* 

Composition and nomenclature . — Before speaking of the connection 
between the products of modern volcanos and the rocks usually styled 
trappean, and before describing the external forms of lx>th, and the 
manner and position in which they occur in the earth’s crust, it will 
be desirable to treat of their mineral composition and names. The 
\'arieties most frequently spoken of are basalt and trachyte, ta which 

♦ For a description and theory of active volcanos, see Principles of Gec^ogy, 
chaps, xxiv. ct seq. k xxxik 
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dolerite, greenstone, clinkstone, and others might be added; while 
those founded chiefly on peculiarities of texture, are porphyry, 
amygdaloid, lava, volcanic breccia or agglomerate, tuflf, scorias, and 
pumice. It may be stated generally, that all these are mainly com- 
posed of two minerals, or families of simple minerals, felspar and 
hornblende ; but the felspar preponderates greatly even in Uiose 
rocks to which the hornblendic mineral imparts its distinctive cha- 
rmiter and prevailing colour. 

The two minerals alluded to may be regarded as two groups, rather 
than species. Felspar, for example, may be, first, common felspar 
(often called Orthoclase), that is to say, potash-felspar, in which the 
predominant alkali is potash (see Table, p. 602 .); or, secondly, albite 
i.e. soda-felspar, where the predominant alkali is soda ; or, thirdly, 
Oligoclasc, in which there is also more soda than potash, but which 
contains less silica than albite ; or, fourthly, Labrador-felspar (Labra- 
dorite), which differs not only in its iridescent hues and cleavage, 
hut also in containing less silica than albite, and in having lime 
in its base, Anorthite, so called from fho oblique interfacial angles 
of its rhomboidal prisms, is nearly allied in composition with La- 
bradorite. As to “ glassy felspar ^ and “ compact felspar,’’ they 
cannot rank as varieties of eciunl importance, for both the albitic and 
common felspar appear sometimes in transparent or glassy crystals ; 
and compact felspar, or petro-silex, is a compound of a less definite 
nature, sometimes containing largely both soda and potash. It might be 
called a felspathic paste, being the residuary matter after portions of 
the original matrix have crystallized. Recent analysis has shown that 
all the varieties of felspar may contain both potash and soda, although 
in some of them the potash, and in others the soda, greatly prevails. 

The hornblendic group consists principally of two varieties ; first, 
hornblende, and, secondly, augite, which were once regarded as 
very distinct, although now some eminent mineralogists are in doubt 
whether they are not one and the same mineral, differing only as one 
crystalline form of native sulphur differs from another. 

The history of the clianges of opinion on this point is curious and 
instructive. Werner first distinguished augite from hornblende ; and 
his proposal to separate them obtained afterwards the sanction of 
Haiiy, Mohs, and other celebrated mineralogists. It was agreed that 
the form of the crystals of the two species were different, and their 
structure, as shown by cleavage^ that is to say, by breaking or cleaving 
the mineral with a chisel, or a blow of the hammer, in the direction 
in which it yields most readily. It was also found by analysis that 
augite usually contained more lime, less alumina, and no fluoric acid ; 
which last, though not always found in hornblende, often enters into 
its composition in minute quantity. In addition to these characters, 
it was remarked as a geological fact, tliat augite and hornblende are 
very rarely associated together in the same rock ; and that when this 
happened, as in some lavas of modem date, the hornblende occurs in 
the mass of the rock, where crystallization may have taken place more 
slowly, while the augite merely lines cavities where the crystals may 
have been produced rapidly. It was also remarked, tliat in the 
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exTBUUine abgs of furnace^ augitic forma were frequent, the kom« 
blendic entirely absent ; hence it was conjectured that hombleudo 
might be the result of slow, and augite of rapid cooling. This view 
was confirmed by the fact, that Mitscherlich and Itertliier wore able 
to make augite artificially, but could never succeed in forming horn- 
blende Lastly, Gustav us Hose fused a mass of hornblende in a 
[K)rcelain furnace, and found that it did not, on cooling, assume 
its previous shape, but invariably took that of augite. The same 
mineralogist observed certain crystals in rocks from Siberia which 
presented a hornblende cleavage, while Uiey had tlio external form 
of augite. 

Jf, from these data, it is inferred that the same substance may 
assume the crystalline forms of hornblende or augite indifferently, 
according to the more or less rapid cooling of the melted mass, it is 
nevertheless certain that the variety commonly called augite, and 
recognised by a p<‘culiar crystalline form, has usually more lime in it, 
and less alumina, than that called hornblende, although the quantities 
of these elements do not seem to be always the same. Unquestionably 
the facts and experiments above mentioned show the very near 
affinity of hornblende and augite ; but even the convertibility of one 
into the other, by melting and rccrystallizing, does not jH^rliaps de- 
monstrate their absolute identity. For there is often some portion 
of the materials in a crystal which are not in perfect chemical com- 
bination with the rest. Carbonate of lime, for example, sometimes 
carries with it a considerable quantity of silex into its own form 
of crystal, the silex being mechanically mixed as sand, and yet not 
preventing the carbonate of lime from assuming the form proper to 
it This is an extreme case, but in many others some one or more 
of the ingredients in a crystal may be excludcid from perfect chemical 
union ; and after fusion, when the mass recrystallizes, the same 
elements may combine i)erfectly or in new proportions, and thus a 
new mineral may be produced. Or some one of the gaseous elements 
of the atmosphere, the oxygen for example, may, when the melU*d 
matter reconsolidates, combine with some one of the component 
elements. 

Tlie different quantity of the impurities or refuse above alluded to, 
which may occur in all but the most transparent and perfect crystals, 
may partly explain the discordant results at which experienced 
chemists have arrived in their analysis of the same mineral. For the 
reader will find that crystals of a mineral determined to be tlie same 
by physical characters, crystalline fovjp^ and optical properties, have 
often been declared by skilful analyzers to be composed of distinct ele- 
ments. (See the table at p. 602.) This disagreement seemtMi at first 
subversive of the atomic theory, or the doctrine that there is a fixed 
and constant relation between the crystalline form and structure of 
a mineral and its chemical composition. The apparent anomaly, 
however, which threatened to throw the whole science of mineralogy 
into confusion, was in a great degree reconciled to fixed principles 
by the discoveries of Professor Mitscherlich at Berlin, who ascertained 
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that the C(»npoeition of the mincralB which had appealed ao variable, 
waa governed by a general law, to which he gave the name of 
iiomorphUm (from tvoc, uoi, equal, and morphe^ form). Ac- 

cording to this law, the ingredients of a given species of mineral are 
not absolutely hxod as to their kind and quality ; but one ingredient 
may lie replaced by an equivalent portion of some analogous ingre- 
dient Thus, in augite, the lime may bo in part replaced by portions 
of protoxide of iron, or of manganese, while the form of the crystal, 
and tho angle of its cleavage planes, remain tlm same. These 
vicarious su^titutions, however, of particular elements cannot exceed 
cerlain defined limits. 

Pyroxene^ a name of Ilaiiy’s, is often used for augite in descrip- 
tions of volcanic rocks. It is propf^rly, according to M. Dedesse, a 
general name, under which Augite, Di allage, and Ilypersthene may 
bo united, for these three are varieties of one and the same mineral 
species, having the same chemical formula with variable bases. 

Amphtbole is in like manner a general term under which Horn- 
blende and Actinolite may be united. 

Having been led into this digression on some recent steps made in 
the progress of mineralogy, I may here observe that the geological 
student must endeavour as soon as possible to familiarize himself 
with tho characters of five at least of the xnost abundant simple 
minerals of which rocks are conijmsed. These are felspar, quartz, 
mica, hornblende, and carbonate of lime. This knowledge cannot 
be acquired from books, but requires personal inspection, and tho 
aid of a teacher. It is well to accustom the eye to know the appear- 
ance of rocks under the lens. To learn to distinguish felspar from 
quartz is the most important step to b(3 first aimed at. In general 
we may know tho felspar because it can bo scratched with the point 
of a knife, whereas the quartz, from its extreme hardness, receives 
no impression. If both minerals are crystalline, the felspar may be 
known by its lamellar, and the quartz by its glass-like fracture ; but 
when they occur in a granular or uncrystallized state, the young 
geologist must not be discouraged if, after considerable practice, he 
often fails to distinguish them by the eye alone. If the felspar is 
granular, the blow-pipe may be used, for the edges of the grains can 
be rounded in the flame, whereas those of quartz are infusible. In 
order to detect the varieties of felspar above enumerated, and to 
distinguish hornblende from augite, the reflecting goniometer will 
often be useful, enabling the mineralogist to ascertain the angle of 
cleavage and shape of the crystal. 

The external characters and composition of the felspars are ex- 
tremely different from those of augite or hornblende ; so that the vol- 
canic rocks in which either of these minerals play a conspicuous part 
are easily recognizable. But there are mixtures of the two elements 
in very different proportions, tho mass being sometimes exclusively 
composed of felspar, and at other times largely of augite. Between 
the two extremes there is almost every intermediate gradation ; yet 
certain compounds prevail so extensively in nature, and preserve so 
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madli unifbniiitf ot mpeet and eomporitioii, that it it useAil in 
geology to regard them aa distinet rock% and to aaiign namea to 
them, such as basalt, greenstone, trachyte, and others presently to 
be mentioned. 

BamlL — As an example of rocks in which augite is a conspicuous 
ingredient, basalt may hrst be mentioned. Although we are more 
familiar with this term than with that of any other kind of trap, it 
is difficult to define it, the name having been used so compre- 
bensively, and sometimes so vaguely. It has been generally applied 
to any trap rock of a black, bluish, or leaden-grey colour, having a 
uniform and coin|>act texture. Most strictly, it consists of an inti- 
mate mixture of felspar, augite, and iron, to which a mineral of an 
olive-green colour, called olivine, is often superadded, in distinct 
grains or nodular masses. The iron is usually magnetic (oxydulated 
ironX and is often accompanied by another metal, titanium. The 
term ‘'Dolerite” is now much used for this rock, when the felspar is 
of the variety called Labradorite, as in the lavas of Etna. Basalt, 
according to Dr. Daubeny, in its more strict sense, is composed of 
**an intimate mixture of augite with a zeolitic mineral which ap- 
])ears to have been formed out of I^abradorite by the addition of 
water, the presence of water being in ail zeolites the cause of that 
bubbling up under the blow-pipo to which they owe their appella* 
tion.’’* Of late years the analyses of M. Delesseand other eminent 
mineralogists have shown that the opinion once entertained, that 
augite was the prevailing mineral in basalt, or even in the most 
augitic trap rocks, must be abandoned. Although its presence gives 
to these rocks theirdistinctive character as contrasted with trachytes, 
still the principal element in their composition is felspar. 

Augite rock has, indeed, been defined by Loonhard as being made 
up principally or wholly of augite f, and in some veinstones, says 
Delesse, such a rock may be found ; but the greater part of what 
passes by the name of augite rock is more rich in green felspar 
than in augite. Amphibolite^ in like manner, or Hornblende rocky 
is a trap of the basaltic family, in which tliere is much hornblende, 
and in which this mineral has been supposed to predominate ; but 
Delesse finds, by analysis, that the felspar may be in excess, the 
base being felspatliic. 

In some varieties of basalt the quantity of olivine is very great ; 
and as this mineral differs but slightly in its cliemical composition 
from serpentine (see Table of Analyses, ;p, 602.), containing even a 
larger proportion of magnesia than serpentine, it has been suggested 
with much probability that in the course of ages some basalts highly 
charged with olivine may be turned, by metamorphic action, into 
serpentine. 

Trachyte, — This name, derived from rpa^vCf rough, has been 
given to the feispathic class of volcanic rocks which have a coarse, 
cellular paste, rough and gritty to the touch. This paste has 
commonly been supposed to consist chiefly of albite, but according 

• Yolcsaot, Sd ed. p. 18. f Minendreicli, 8d ed. p. 88. 
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to M* Deleise it is variable in composition, its prevailing alkali being 
soda. Through the base are disseminated cr3rstals of glassy felspar, 
mica, and sometimes quartz and hornblende, although in the trachyte, 
properly so called, there is no quartz. The varieties of felspar which 
occur in tracliyte are trisilicates, or those in which the silica is to 
the alumina in the proportion of three atoms to one.* 

Trachytw Porphyry^ according to Abich, has the ordinary com- 
position of trachyte, with quartz supcradded, and without any augite 
or titaniferous iron. Andesite is a name given by Gustavus Rose to 
a trachyte of the Andes, which contains the felspar called Andesin, 
together with glassy felspar (orthoclase) and hornblende dissemi- 
nated through a dark-coloured base. 

Clinkstone^ or PhonolUe, — Among the felspathic products of vol- 
canic action, this rock is remarkable for its tendency to lamination, 
which is sometimes such that it aifords tiles for roofing. It rings 
when struck with the hammer, whence its name ; is compact, and 
usually of a greyish blue or brownish colour ; is variable in compo- 
sition, but almost entirely composed of felspar, and in some cases, 
according to Gmelin, of felspar and mesotype. When it contains 
disseminated crystals of felspar, it is called Clinkstone porphyry. 

Greenstone is the most abundant of those volcanic rocks which are 
intermediate in their composition between the Basalts and Trachytes. 
The name has usually been extended to all granular mixtures, 
whether of hornblende and felspar, or of augite and felspar. The 
term diorite ha^^ been applied exclusively to compounds of hornblende 
and felspar. According to the analyses of Delesse and otliers, the 
chief cause of the green colour, in most greenstones, is not green 
hornblende nor augite, but a green siliceous base, very variable and 
indefinite in its composition. The dark colour, however, of diorite is 
usually derived from disseminated plates of hornblende. 

The Basalts contain a smaller quantity of silica than the Trachytes, 
and a larger proportion of lime and magnesia. Hence, independently 
of the frequent presence of iron, basalt is heavier. Abich has there- 
fore proposed that wo should weigh these rocks, in order to appre- 
ciate their composition in cases where it is impossible to separate 
their component minerals. Thus, the variety of basalt called dolerite, 
which contains 53 per cent, of silica, has a specific gravity of 2*86 ; 
whereas trachyte, which has 66 per cent of silica, has a sp. gr. of 
only 2*68 ; trachytic porphyry, containing 69 per cent of silica, a 
sp. gr, of only 2 08. If we then take a rock of intermediate compo- 
sition, such as that prevailing in the Peak of TenerifiTe, which Abich 
calls Trachyte-dolerite, its proportion of silica being intermediate, 
or 58 per cent, it weighs 2*78, or more than trachyte, and less than 
basaltf The basalts are generally dark in colour, sometimes almost 
black, whereas the trachytes are grey, and even occasionally white. 
As compared with the granitic rocks, basalts and trachjrtes contain 
both of them more soda in their composition, the potash-felspars 

• Dr. DanlMny on Yolcanoi, Sd ed. pp. 14, 15. f Ibi 
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being genertUy abundant in the granites. The roleanic rocks 
moreover, whether basaltic or trachjrtic, contain less silioa Hum the 
granites, in which last the excess of silica has gone to form quaHs. 
This mineral so conspicuous in granite, is usually wanting in the 
volcanic formations, and never predominatc^s in them. 

The fusibility of the igneous rocks generally exceeds that of other 
rocks, for the alkaline matter and lime which commonly abound in 
their composition serve as a flux to the large quantity of silica, which 
would be otherwise so refractory an ingredient. 

We may now pass to the consideration of those igneous rocks, the 
characters of which are founded on their form rather than tlieir 
composition. 

Porphyry is one of this class, and very characteristic of the vol- 
canic formations. When distinct crj'stals of one or more minerals ar<* 
scattered through an earthy or compact base, the rock is U^rmed 
a porphyry (sec fig. 67o.). Thus trachyte is porphyritic; for in it, 
as in many modern lavas, there are crystals of felspar ; but in some 
porphyries the crystals are of augite, olivine, or other minerals. 
If the base be greenstone, basalt, or pitchstone, the rock may 
denominated greenstone-porphyry, pitchstone-porphyry, and so 
forth. The old classical tyjx? of this form of rock is the red por- 
phyry of Kgypt, or the well known 
‘‘ Kosso antico.’’ It consists, according 
to Dclesse, of a r(*d felspathic base in 
which are disseminated rosc*-eoloured 
crystals of the felspar call(‘d oligoclas<% 
with some plates of blackish horn- 
blende and grains of oxidized iron-oni 
(fer oligiste). lied quartziferom por- 
phyry is a much more silict^oua rock, 
containing about 70 or 80 per cent, 
of silex, while that of Egypt boa only 
62 per cent. 

Amygdaloid — This is also ano- 
ther form of igneous rock, admitting 
of every variety of composition. It comprehends any rock in wliich 
round or almond-shaped nodules of some mineral, such as agate, 
calcedony, calcareous spar, or zeolite, are scattered through a base of 
wacke, basalt, greenstone, or other kind of. trap. It derives its name 
from the Greek word amygdala, an almond. The origin of this 
structure cannot be doubted, for we may trace the process of its 
formation in modem lavas. Small pores or cells are caused by 
bubbles of steam and gas confined in the melted matter. After or 
during consolidation, these empty spaces are gradually filled up by 
matter separating from the mass, or infiltered by water permeating 
the rock. A& these bubbles have been sometimes lengthened by the 
flow of the lava before it finally cooled, the contents of such cavitifiHi 
have the form of almonds. In some of the amygdaloidal traps of 
Scotland, where the nodules have decomposed, the empty cells arc 


Fig. 675. 
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SkoriaceoUl lava in part converted into an 
amygdaloid. 

MonUgne de la Vcilla, Department of Puy 
do Dume, France. 


seen to hftve ft glazed or vitrcotid coatings ftnd in this respect exactlj 
resemble scoriacoous lavas, or slags of furnaces. 

The annexed figure njpresents a 
fragment of stone taken from the 
upiKjr part of a sheet of basaltic 
lava in Auvergne. One half is 
scoriaceous, the pores being per- 
fectly empty; the other part is 
amygdaloidal, the pores or cells 
l>eing mostly filled up with car- 
bonate of lime, forming white ker- 
nels. 

Lava , — This term has a some- 
wdiat vague signification, having 
applied to all melted matter 
observed to flow in streams from 
volcanic vents. When this matter 
consolidates in the open air, the 
upper part is usually scoriaceous, 
and tlie mass becomes more and more stony as wo descend, or in 
proportion as it has consolidated more slowly and under greater 
pressure. At the Ixittom, however, of a stream of lava, a small 
portion of scoriaceous rock very frequently occurs, formed by the 
first thin sheet of liquid matter, which often precedes the main cur- 
rent, or in consequence of the contact with water in or upon the 
damp soil. 

The more compact lavas are often porphyritic, but even the 
seoriaccMJus part sometimes contains imperfect crystals, wdiich have 
been derived from some older rocks, in which the crystals pre- 
existed, but were not melted, as being more infusible in theii 
nature. 

Although melted matter rising in a crater, and even that which 
enters a rent on the side of a crater, is called lava, yet this term 
belongs more properly to that which has flowed either in the open 
air or on the bed of a lake or sea. If the same fluid has not reached 
the surface, but has been merely injected into fissures below ground, 
it is called trap. 

There is every variety of composition in lavas ; some are trachy- 
tic, as in the Peak of Tenerifle ; a great number are basaltic, as in 
Vesuvius and Auvergne ; others are Andesitic, as those of Chili ; 
some of the most modern in Vesuvius consist of green augite, and 
many of those of Etna of augite and Labrador-felspar.* 

Scarue and Pumice may next be mentioned as porous rocks, pro- 
duced by the action of gases on materials melted by volcanic heat. 
ScoruB are usually of a reddish-brown and black colour, and are the 
cinders wid sli^ of basaltic or augitic lavas. Pumice is a light, 
spongy, fibrous substance, produced by the action of gases on 


• G. Kose, Ann. des Mines, tom. viiL p. 32. 
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trachyiic and other lavas ; the relation, however, of ite origin to the 
composition of lava is not yet well understood. Von Buoh says that 
it never occurs where only Labrador-felspar is present 

Vatcanic Trap tujf, — Small angular fragments of the scoria) 

and pumice, above-mentioned, and the dust of the same, pn)duced by 
volcanic explosions, form the tuffs which abound in all regions of 
active volcanos, >vhere showers of these materials, together with 
small piect»3 of other rocks ejected from the crater, fall down upon 
the land or into the sea. Here they often Income mingled with 
sliells, and are stratified. Such tuffs are sometimes bound together 
by a calcareous cement, and form a stone susceptible of a beautiful 
polish. But even when little or no lime is present, there is a grtmt 
tendency in tlie inat<‘rials of ordinary tuffs to cohere together. Be- 
sides tlie peculiarity of their composition, some tuffs, or volcanic prits^ 
as they have been termed, differ from ordinary sandstones by the 
angularity of their grains, and they often pass into rolcnnic breccias. 

According to Mr. Seroj^e, tlie Italian geologists confine the term 
tuff^ or tula, to felspathose mixture's, and those eomfwsed principally 
of pumice, using the term peperino for the basaltic luffs.* The 
pi'perinos thus distinguish(;d are usually brown, and the tuffs grey or 
wdiite. 

Wo meet occasionally with extremely compact beds of volcanic 
materials, interstrati tied with fossiliferous rocks. Tluwe may some- 
times be tuffs, although their density or compactness is such as to 
cause them to resemble many of tho.se kinds of trap which are found 
in ordinary dikes. The chocolate-coloured mud, which was poured 
for weeks out of the crat(*r of Graham’s Island, in the M(jditi»rranean, 
in 1831, must, when unmixed with other materials, have constituted 
a stone heavier than granite. Each cubic inch of the impalpable 
powder which ha.s fallen for days through the atmosphere, during 
some modern eruptions, lias been found to weigh, without being 
compressed, as much as ordinary trap rocks, and to bo often identical 
with these in mineral comiwsition. 

Pal agonite- tuff , — The nature of volcanic tuffs must vary according 
to the mineral composition of the ashes and cinders thrown out of 
each vent, or from the same vent, at different times. In descrip- 
tions of Iceland, we read of Palagonite-tuffs as very common. The 
name Palagonite was first given by Professor Bunsen to a mineral 
occurring in the volcanic formations of Palagonia, in Sicily. It is 
rather a mineral substance than a mineral, as it is always amorphous, 
and has never been found crystallized. Its composition is variable, 
but it may be defined as a hydrosilicate of alumina, containing oxide 
of iron, lime, magnesia, and some alkali. It is of a brown or black- 
ish-brown colour, and its specific density, 2*43. It enters largely 
into the composition of volcanic tuffs and breccias, and is considered 
by Bunsen as an altered rock, resulting from the action of steam on 
volcanic tufi^ 


* Oeol Traos. 2iid series, voL il p. HU 
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Agglomerate* — In the neighbourhood of volcanic vents, we fre- 
quentlj observe accumulations of angular fragments of rock, formed 
during eruptions hy the explosive action of steam, which shatters the 
subjacent stony formations, and hurls them up into the air. They 
then fall in showers around the cone or crater, or may be spread for 
some distance over the surrounding country. The fragments consist 
usually of different varieties of scoriacoous and compact lavas ; but 
other kinds of rock, such as granite or even fossiliferous limestones, 
may be intermixed ; in short, any substance through which the ex- 
pansive gases have forced their way. The dispersion of such ma- 
terials may bo aided by the wind, as it varies in direction or intensity, 
and by the slope of the cone down which they roll, or by floods of 
rain, which often accompany eruptions. But if the power of run- 
ning water, or of the waves and currents of the sea, be suflicieiit to 
curry the fragments to a distance, it can scarcely fail (unless where 
ice intervenes) to wear off their angles, and the formation then 
l)ecom68 a conglomerate. If occasionally globular pieces of scoriae 
abound in an agglomerate, they do not owe their round form to at- 
trition. 

The size of tlie angular stones in some agglomerates is enormous ; 
for they may be two or throe yards in diameter. The mass is often 
riO or ICK) feet thick, without showing any marks of stratification 
Tlie term volcanic breccia may be restricted to those tuffs which 
are made up of small angular pieces of rock. 

The slaggy crust of a stream of lava will often, while yet in 
motion, split up into angular pieces, some of which, after the current 
has ceased to flow, may be seen to stick up five or six feet above the 
gcmeral surface. Such broken-up crusts resemble closely in structure 
the agglomerates above described, although the composition of the 
materials wiU usually be more homogeneous. 

Laterite is a red or brick-like rock composed of silicate of alu- 
mina and oxide of iron. The red layers, called “ ochre beds,*^ di- 
viding the lavas of the Giant’s Causeway, are laterites. These were 
found by Delesse to be trap impregnated with the red oxide of iron, 
and in part reduced to kaolin. When still more decomposed they 
were found to clay coloured by red ochre. As two of the lavas 
of the Giant’s Causeway are parted by a bed of lignite, it is not im- 
probable that the layers of laterite seen in the Antrim cliffs resulted 
from atmospheric decomposition. In Madeira and the Canary Is- 
lands streams of lava of subaerial origin are often divided by red 
bands of laterite, probably ancient soils formed by the decomposition 
of the surfaces of lava-currents, many of these soils having been 
coloured red in the atmosphere by oxide of iron, others burnt into 
a red brick by the overflowing of heated lavas. These red bands 
are sometimes prismatic, the small prisms being at right angles to 
the sheets of lava. Eed clay or red marl, formed as above stated by 
the disintegration of lava, scoriie, or tuff, has often accumulated to 
a great thickness in tlie valleys of Madeira, being washed into them 
by alluvial action ; and some of the thick beds of laterite in India 



Cm. xxvnio KA3IES, ETC., OF VOLCAKIC EOCE8. 599 

mmj have had a similar origin. In India, however, espedaUj in 
the Deccan, the term laterite ** seems to have been used too vague!]jr. 

It would be tedious to enumerate all the varieties of trap and 
lava which have been regarded by different observers as sufEciently 
abundant to deserve distinct names, especially as each investigator is 
too apt to exaggerate the importance of local varieties which happen 
to prevail in districts best known to him. It will be useftil, however, 
to subjoin here, in the form of a glossary, an alphabetical list of the 
names and synonyms most commonly in use, with brief explanations, 
to which I have added a table of the analysis of the simple minerals 
most abundant in the volcanic and hypogene rocks. 

Explanation of the Names^ St/nonpms, and Mineral Composition of 
the more abundant Volcanic Hocks. 

Agolomeratb. a coarse breccia, comiH>scd of fragments of rock, cast out of 
volcanic vents, for the most part angular and without any admixture of 
vvalcr-w'om stones. ** Volcanic conglomerates may be applied to mixtures 
in which watcr-woni stones occur. 

ArnANiTE. See C’onicaii. 

Ampuiuolite. or Hornblenoe IIoce, which see. 

Ahtgoaloid. a particular form of volcanic roi'k ; tee p. 595. 

Auojte Hock. A rock of the basaltic family, composed of felspar and auclte. 
See p. 593. 

AuGiTic-roRPHYRT. Crystals of Labrador-felspar and of augitc, in a green or 
dark grey base. (/?osc, Ann. de^t Mines^ tom. 8. p. 22. 1835.) 

Basalt. An intimate mixture of felspar and augite witli magnetic iron, olivine, 
&C. See p. 593. 

Basakite. Name given by Alex. Brongniart to a rock, having a base of basalt, 
with more or less distinct crystals of augite disseminated through it. 

Clatstoxe and Clatstoxe-porphyht. An earthy and compact stone, usually of 
a purplish colour, like an indurated clay ; i>a8scf into lionistone ; generally 
contains scattered cr}’stals of felspar and sometimes of quartz. 

Clirxstone. Syn. Phonolitc, fissile Petrosilex, see p, 594.; a grcyish-bluo rock, 
having a tendency to divide into slabs ; hard, with clean fracture, ringing 
under the hammer j principally corajwscd of felspar, and, according to 
Gmelin, of felsjmr and mesotyj)e. {Leonhard, Mineralreich, p. 102.) 
Compact Felspar, which has also been called Petrosilex ; the rock so called 
includes the honistone of some mineralogists, is allied to clinkstone, hut is 
harder, more comjiact, and translucent. It is a varying rock, of which the 
chemical composition is not well dehned. {MacCulhclCs Classijication oj 
Locks, p. 481.) 

CoRNEAK or Apuamte. a compact homogeneous rock without a trace of 
crystallization, breaking with a smooth surface like some compact basalts; 
consists of hontbicnde, quartz, and felspar in intimate combination. It 
derives its name from the Latin word coma, horn, in allusion to its 
toughness and comi>aet texture. 

Diallage Rock. Syn. Euphotide, Gabbro, and some Opbiolitcs. Compounded 
of felspar and diallage. 

DiORiTE. A kind of Greenstone, which see. Components, felspar and hornblende 
in grains. According to Lose, Ann. des Mines, tom. 8. p. 4., dioriti consists 
of alMte and hornblende, bat Delesse has shown that the fblspar may be 



800 


MlNEEAt COMEOftlTlOK OF CC«* 

OHgocliM or Labradorite. (Ajm. dm Mines, 1849, Umil 16. p« 696.) Ita 
dark cokmr is dae to dissemmatod plates of bombleade. See above 
p. 594. 

DotCJUTE. According to Bose {ibkL p. 32,), its composition is black angHe and 
Labrador-fdspar ; according to l^ahard (^Minerairtick, &e^ p. 77.), 
augite, Labrador- felspar, and magnetic iron. See above, p. 593. 

Doiiit£. An earthy traeftyu, found In the Puy de Dome, in Auvergne. 

Edi*hotide, a mixture of grains of Labrador-felspar and diallage. (Bose, ibid, 
p. 19.) According to some, this rock is defined to be a mixture of augite 
or hortiblende and Saussurite, a mineral allied to jade. {Allan e Mine^ 
raU^gy, p. 158.) liaidinger first observed that in this rock hornblende 
surrounds the crystals of diallagc, 

Felstonk. Same as compact felspar (which see). When crystals of felspar occur 
in it, it becomes felstono or felspar-porphyry. See also Homstone. 

Gabbro, see Duillage rock. 

Gueekstone. Syn. A mixture of felspar and hornblende. See al)Ove, p. 594. 

Gbevstone. (Graustein of Werner.) I>;ad-grey and greenish rock composed of 
felspar and augiu;, the fel.s[)ar being more than seventy-five i>er cent. {Scrope, 
Jonrn. of Sci, No. 42. p. 221.) Grey stone lavas arc intermediate in coni- 
l>o8ition between basaltic and trachytic lavas. 

Hornblende Rock, or Amphibolite. This rock, as defined by I^eonhard, is 
coniiMjsed entirely of honiblcndc ; but sucii a rock appears to be exceptional, 
and confined to mineral veins. Any rocks iti which hornljlcnde plays a 
conspicuous part, constituting the ** roches ttmpliilK)liijues ” of French 
wriu^rs, may he called hornblende rock. They always contain more or less 
felspar in their composition, and pstss into ba.salt or greenstone, or aphanite. 
See 11 . 593. 

Hobnstone-i*orphyrt. a kind of felspar porphyry [Leonhard, loc, cit), with a 
base of hornsmne, a mineral approaching near to flint, which differs from 
compact felspar in being infusible. 

Htpeustiiene liocK, a mixture of grains of Labrador-felspar and hypersthene 
(lloxe, Ann. des Mina, tom, 8. p, 13.). having tlie structure of syenite or 
granite ; abundant lunuiig the traps of Skye. It is extremely tough, gray- 
ish, and greenish black. Some geologists consider it a greenstone, in which 
hypcisthenc replaces hornblende; and this opinion, says Delesse, is borne 
out by the fact that honiblende usually occurs in hyjHjrsthene rock, often 
enveloping the crystals of hypersthene. The latter have a pearly or metallic- 
pearly lustre. 

Latrrite. a red, jaspery, brick-like rock, composed of silicate of alumina and 
oxide of iron, or sometimes consistittg of clay coloured with red oclne. 

* See above, p. 598. 

Melaphtre. a ^mety of black porphyry composed of Labrador-felspar and a 
•mall quantity of augite. Its Uack colour was formerly attributed to dis- 
seminated microscopic ciysrals of augite, but M. Delesse has shown that 
the paste is discoloured by hydrochloric acid, whereas this acid does not 
attack the cr^’stals of augite, which are seen to be isolated, and few in 
number. (Ann, des Mines, 4th ser. tom. xii. p. 228.) From fiekas, melas, 
black. 

Obsiwan. Vitreous lava like melted glass, nearly allied to pitchstone. 

OpmoLiTB. A name given by Al. Bronguiart to serpentine. 

Ofhitb. a name given by Palassou to certain trap rocks of the lienees, very 
variable in composition, usually composed of Labrador-felspar and bom- 
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Uende, and aonMstinies iuigite» occaaionaUj of a greeii ccdoiir^ and i^uMliig 
into aerpentmcu 

Palaocnite Turr. An altered volcanic tnlF containing the cubatance tcnmjd 
palagonite. 597. 

Pearlbtone. a volcanic rock, hkving the lustre of mother of pearl ; usually 
having a noiluiur structure ; intimately relaterl to olundiatt, but less glassy. 

pEPtiiiNo, A form of volcanic tuff, ooiufKWod of l>asaltic scoria:. Stt p. 597. 

I'ETKosnxx. Set Clinkstone and Com {met Felspar. 

PiioKOLiTE. Stfn, of Clinkstone, which see. 

PiTciiSToxE, or Ketikitk of the French. Viu*eouslava, less glassy than obsidian ; 
a blackish green rock resembling glass, having a resinous lustre and aj»- 
jHjarance of {litcdi ; coni|K>sition usually of glassy fcUjair (ortluxlase) 'with a 
little mica, quaru, and bornhlcnde ; in Arran it forms a dike thirty feet 
wide, cutting tlirongh sandstone. 

PrMicE. A light, sjHingy, bbrous form of trachyte. See p. 50f». 

pYttOXENic roRi'iiYUY, sauic as aiigitic-|X)rphyry, pyroxene being llatiy’s name 
for augitc. 

ScoKi^. 5yn. volcanic cinders ; reddish brow'ii or black jiorous form of lava. 
See { 1 . ,596. 

Serpentink. A greenish rock in w hi< h there is much magnesia. It* com|Kwitiou 
always nj)j»r(>achos virv near to the mineral calletl noble serpentine (#cf? 
Talde of Analyses, {». 602.), which forms veins in this nx’k. The minerals 
most commonly found in Si‘r|K.*ntine arc diallage, ganiet, chlurite, oxydti- 
lons iron, and chromate of iron. The diallage ami garnet occuiTing in ser- 
ja'iitine arc richer in magnesia than when they arc crystallized in other 
rocks. (Dvlejtse^ Ann, des Minee^ 1851, tom. xviii. p. 309.) Occurs some- 
times, though rarely, iu dike.s, altering the contiguous strata; is iudifferently 
a member of the traiipcan or hy|>ogenc series. Its ahHcncc from recent vol- 
canic i)roduct8 seems to imply that it belongs properly to the metamorphic 
class; and, even when it is found in dikes cutting through aqueous forma- 
tions, It may l>e an altered basalt, which al>oiiuded greatly in olivme, 

, synonymous with lava. Name proposed by Alex. Brongniart, 

ToAimTOJfE. A lcK*nl name in Derby .shin: for a kind of wacke, which see. 

Trachyte. Chiefly conijKiscd of glassy felspar, with ciystub of glossy felspar* 
See p. 593. 

Trap Ti ff. See p. 697. 

Trab«. A kind of tuff or mud poured out by lakc-cratcr* during eruption* ; 
common in the Eifel, in Germany. 

Tuff. Sj/n, Trap- tuff, volcanic tuff. See p. 597. 

Vitreous Lava. See Pitchstonc and Obsidian. 

VoLCAXic Tuff. Set p. 597. 

Wacre. a soft and earthy variety of trap, having an argillaceous aspect. It 
resembles indurated clay, and when scratched, exhibit* a shining itreax. 

WtiUKSTOKit. A Scotch provincial term for greenstouo and otlier hard trap rocks. 
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ASAtXMn OF liIKKKALS ABOKDAKT IN THE VOLCANIC AND 

HYPOGENE BOCKS. 



In }jut column of the nborc Table, the follnwinfr are used : B, Bortcic acid, C. Carbonic 
arid, Ch. Oxide oi Chrome, F. Fluoric acid, L. Lithiue, F, Fhoiphoric acid, T. Oxide of Titanium. 
\V. Water. In Ute 7lb column of number*, F. meaut Protoxide, aud b. Seiquioxidc. 
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CHAPTER XXIX. 

TOLCAKic ROCKS — continued. 

Trap dikes — sometimes project — sometimes leave dssurcs vacant hr decomposi- 
tion — Branches and veins of trap— Dikes more crysiallino in the centre — 
Sinua altered at or near the contact — Ohlitenition of orjjtinic remains — Con- 
version of chalk into marble — Trap inU'rposed U'lwtvn strata — Colnmnar and 
giobuhir stnicturc — Kelation of trappean rt^ks to the prt)dticts of active vol- 
canos — Form, external sirurtvire, and ori;rin of volcanic UK>untains Craters 
and Calderas — Sandwich Islatuis — I>ava Howin;; underj^round — Truncation of 
cones — Javanese calderas — Canary Islands — Structure and oripn of tht* Cal- 
dera of Palma — Older and newer volcanic rocks in. nneonfonnalde — A^ueoui 
conjrlomtTate in Palma — Hy|>oihesis of upheaval considered — Slojw on which 
8t4)ny lavas may form — Extent and nature of lujueous erosion in Palma — Island 
of St. Paul in the Indian Ocean — Peak of Teiierilfo, and ruins of older cone — 
Madeira — Its volcanic rocks, partly of marine, and partly of suluierial ori^jin — 
Central axis of eruptions — Vuryinj: dip of solid lavas near the axis, and further 
from it — Leaf-lwd, and fossil laud-plants — Central valleys of Madeira not 
craters, or calderas. 

Having in the last chapter spoken of the composition and mineral 
characters of volcanic rocks, I shall next describe the manner 
and po.sition in which they occur in the earth’s crust, and their 
external forms. The loading; varieties both of the basaltic and 
trachytic rocks, as well as of greenstone and the rest, are found 
sometimes in dikes penetrating stratified and unstratified formations, 
sometimes in shapeless masses protruding through or overlying 
them, or in horizontal sheets intercalated Wtween strata. 

Volcanic or trap dikes. — Fissures have already been sfK^ken of aa 
occurring in all kinds of r(Kks, some a few feet, others many yard^ 
in width, and often filled up with earth or angular pieces of stone, 
or with sand and pebVdes. Instead of such materials, supiKwc a 

quantity of melted stone to be 
driven or injected into an open 
rent, and there consolidated, 
wo have then a tabular mass 
resembling a wall, and called 
a trap dike. It is not un- 
common Ui find such dikes 
passing through strata of soft 
materials, such as tuff, scorias, 
or shale, which, being more 
perishable than the trap, are 
often washed away by the 

Dike in ralicy, near Brueo Head. Madeira. g^a, riveTS, OF rain, in which 
(From a drawing of Capt BatU Hall, R.K.) 
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eaiws the dike »^taiid» prominently out in the face of precipices^ or on 
the level surface of a country (see fig. 677.). 

In the inlands of Arran and Skye, and in other parts of Scotland, 
where sandstone, conjrloinerate, and other hard rocks arc traversed hy 
dikes of traf», the con verse of the above phenomenon is seen. The 
dik(s lia\ ing de(‘<an{)o>ed more* rapidly than the containing rock, has 
once more left o|M,*n the original fissure, often for a distance of many 

yards inland from the sea-coast, as 

iLl represented in the annexed view (fig. 

678.). In these instances, the green- 

E r stone of the dike is usually more tough 

and hard than the sandstone ; but cbe- 
. mical action, and chiefly the oxidation 
of the iron, has given rise to the more 

There Ls yet another case, by no 
means uncommon in Arran and other 
j)arts of Scotland, wliere tlie strata in 
‘ contact with the dike, and for a certain 
“ distance from it, have been hardened, so 
as to resist the action of the weather 
than the dike itself, or the sur- 
loclj ) *'^^**^***^^'** ^^^*^ <, MtttCui. rounding rocks. When this happens, 

two parallel walls of indurated strata 
arc seen protruding above the general level of tlic country and 
following (lie cour>e of the dike. 

As fissures sometimes send otf branches, or divide into two or 
more fissures of e(|UHl size, so also we find trap dikes bifurcating 
and ramifying, and sometimes they are so tortuous as to l>c called 
^ V(*ins, though this is more common in 

granite than in trap. The accompanying 
sketch (fig, 679.) by Dr. MacCulloch re- 
presents part of a sea-clitfin Argyleshire, 
wdiere an overlying mass of trap, b, sends 
some veins which terminate down- 
wards. Another trap vein, a a, cuts 
through both the limestone, c, and the 
^ trap, b. 

Trv«t«.tnAlrdn«nurch.„. ^ ^ 

a ramifying dike of greenstone, which I observed cutting through 

Fig. 660. 


iS!^rsza£^! 


Trap reini in Airdnamurchan. 


Ground plan of groenttono dike trareralDg tandttone. Arran. 


e«* xxixo TKAr bikes and veins, 6O5 

wmd^tone on the beach near Eiidonan Caatiev in Arran. The 
larger branch varies from 5 to 7 feet in width, which will afford a 
scale of measurement for the whole. 

In the Hebrides and other co^ntri<M^ the same masses of trap 
which occupy the surface of the country far and wide, concealing 
the subjacent stratihed rocks, are seen also in the sea cliffs, pro- 
longed downwards in veins or dikes, which pn)bably unite with 
other masses of igneous rock at a greater depth. The largest of the 
dikes represenUtd in the annexed diagram, and which are seen in 
part of the coast of Skye, is no less than 1(X) l’ei*t in w4dth. 


Fig. SSL 



Trap (Itviding and cott'fing »anc!>toni» near KulthuUh in Sk\r. (Mat CulhKih.) 


Every variety of tra{)-rock is sometimes found in dikes, as basalt, 
gn^ensione, feispar-por[)hyry, and trachyte. The amygdaloidal 
traps also occur, though more rarely, and even tuff and breccia, for 
the materials of these last may be washcil down into op(‘n Assures at 
the bottom of the? sea, or during eruptions on tlie land may be 
showered into them from the air. 

Some dikes of trap may Ix^ followed for leagues uninterruptedly 
in nearly a straight direction, as in the north of England, showing 
that the fissures which they fill must have been of extraordinary 
length. 

In many cases trap at the edges or sides of a dike is less crys- 
talline or more earthy than in the centre, in conHef|ueiic(; of the 
melted matter having cooked more rapidly by coming in contact 
with the cold sides of the fissure ; whereas, in the centre, wliere tlie 
matter of the dike is kept longer in a fluiil or soft staU*, crystals are 
slowly formed. But 1 observed the converse of the aliove plie- 
nomena in Teneriffe, in the mdghlxmrhooii of Santa Cruz, where a 
dike is seen cutting through horizontal beds of Hcorim in the aeu- 
cliff near the Barranco de Buladero. It is vertical in its main 
direction, slightly flexuous, and about one foot thick. On each side 
are walls of compact basalt, but in the centre the rock is highly 
vesicular for a width of about 4 inches. In this instance, the 
fissure may have become wider after the lava on each sidi^ had 
consolidated, and the additional melted matU-T poured intf> the 
middle space may have cooled more rapidly than that at the sides. 

In the ancient part of Vesuvius, called Somma, a thin band of 
balf-vitreous lava is found at the edge of some dikes. At the 
junction of greenstone dikes with limestone, a mhllmnd^ or selvage, 
of serpentine is occasionally observed. On the left shore of the 
fiord of Christiania, in Norway, I examined, in company with 
Professor Keilhau, a remarkable dike of syenitic greenstone, which 
is traced through Silurian strata, until at length, in the promontory 
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b. iinb(K)dp<l fmixment of cnr»uUinP ichiit iiir 
rcmnded b/ a band of greetittone. 


^ of Nsesodden, it enters mica- 

schist. Fig. 682. represents a 
ground plan, where the dike 
t \ \ * appears 8 paces in width. In 
1 middle it is highly crystal- 

^ line and granitiform, of a purplish 

V. ^ ^ \ colour, and containing a few 

'v crystals of mica, and strongly 

^ V contrasted with the whitish mica- 

^ ^ ^ schist, btftween which and the 

" ^ . sycnitic rock there is usually on 

itone. rock. iion®. eacli Side a distinct black band, 
b. iintKKidiMi fragment of crMuuine ichiit iur- 18 inclies wide, of dark "recn- 

rcmnded by a bund of greetiRtone. ' 

stone. W hen nnst seen, these 
bands have the appearance of two accompanying dikes ; yet they 
are, in fact, only the ditferent form which the sycnitic materials 
Jiave assumed where near to or in contact with the mica-schist. 
At one point, a, one of the sahlbnnds terminates for a space ; but 
near this there is a large detached block, A, iiaving a gneiss-liko 
structure, consisting of hornblende and felspar, which is included in 
the midst of the dike. Round this a smaller encircling zone is seen, 
of dark basalt, or fine-grained greenstone, nearly corre.sponding to 
the larger ones which border the dike, but only 1 inch wide. 

It seems, therefore, evident that the fragment, />, has acted on the 
matter of the dike, probably by causing it to cool more rapidly, in 
the same manner as the walls of the fissure have acted on a largfT 
scale. The facts, also, illustrate the facility with which a graniti- 
fonn syenite may pass into ordinary rocks of the volcanic family. 

The fact above alluded to, of a foreign fragment, such as 

fig. 682., inchuled in the midst 
^**’®*^^ of the trap, as if tom oif from 

some subjacent rock or the walls 
of a fissure, is by no moans un- 
common. A fine example is 
seen in another dike of green- 


stone, 10 feet wide, in the 
northern suburbs of Christiania, 
in Norway, of which the an- 
nexed figure is a ground plan. 
The dike passes through shale, 

Greenitoni* d!k«. with fragtnmo of gneiss. knOWn by itS foSsils tO belong tO 

8arg«»m.cbn.tunu, Silurian series. In the 

black base of greenstone are angular and roundish pieces of gneiss, 
some white, others of a light fiesh-colour, some without lamination, 
like granite, others with laminje, which, by their various and often 
opposite directions, show that they have been scattered at random 
through the matrix. These imbedded pieces of gneiss measure from 
1 to about 8 inches in diameter. 

Rocks akertd by volcanic dikes . — After these remarks on the form 
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EDd compoftitioQ of dikes themselves, I shall describe the alterations 
which thej sometimes produce in the rocks in contact with Ihtmi. 
The changes are usuaUj such as the intense heat of melted matter 
and the entangled gases might be expected to cause. 

PUu^Newjf ^ — A striking example, near Plas-Newydd, in 
Anglesey has been described by Professor Henslow.* The dike is 
134 feet wide, and consists of a rock which is a compound of felspar 
and augite (dolerite of some authors). Strata of shale and argilla* 
ceous limestone, through which it cuts perpendicularly, are altered 
to a distance of 30, or oven, in some places, to 35 from the edge, 
of the dike. The shale, as it approaches the trap, l>ecomes gradually 
more compact, and is most indurated where nearest the junction. 
Here it loses part of its schistose structure, but the separation into 
parallel layers is still discernible. In several places the shale is con- 
verted into hard porcellanous jasper. In the most hardened [)art of 
the mass the fossil shells, principally Productiy are nearly obliter- 
ated ; yet even hero their impressions may frequently be traced. 
The argillaceous limestone undergoes analogous mutations, losing ita 
earthy texture as it approaches the dike, and becoming granular and 
crystalline. But the most extraordinary phenomenon is the appear- 
ance in the shale of numerous crystals of analcimo and garnet, which 
are distinctly confined to those portions of the rock affected by the 
dike.f Some garnets contain os much as 20 per cent of lime, which 
they may have derived from the decomposition of the fossil shells or 
Product!. The same mineral has been observ(?d, under very ana- 
logous circumstances, in High Teesdalo, by Professor Sedgwick, 
where it also occurs in sliale and limestone, altered by basaltj 

Antrim , — In several parts of the county of Antrim, in the north 
of Ireland, chalk wdth flints is traversed by basaltic dikes. The 
chalk is there converted into granular maiblo near the basalt, tlio 
change sometimes extending 8 or 10 feet from the wall of the dike, 
being greatest near the point of contact, and thence gra^lually de- 
creasing till it becomes evanescent. “ The extreme effect,” says Dr. 
Berger, “ presents a dark brown crystalline limestone, the crystals 
running in flakes as large as those of coarse primitive {metamorphic) 
limestone ; the next state is saccharine, then fine grained and arena- 
ceous; a compact variety, having a porcellanous asp<;ct and a bhiish- 
grey colour, succeeds : this, towards the outer edge, becomes yellow- 
ish-white, and insensibly graduates into the unalteretl chalk. The 
flints in the altered chalk usually assume a grey yellowish colour.” § 
All traces of organic remains are efiaced in that part of the lime- 
stone which is most crystalline. 

The annexed drawing (fig, 684.) represents three basaltic dikes' 
traversing the chalk, all within the distance of 90 feet. The chalk 
contiguous to the two outer dikes is converted into a finely granular 
marble, m m, as are the whole of the masses between the outer dikes 

• Cambridge Traasactiona, roL L t Ihid. toI. il p. 175. 
p. 402 , I Dr. Beiger, OeoL Tram. 1ft aailea, 

t Ibid.voLl.^4la voliilpUa. 
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DikitiMt. Dikii Dike ao It. 

I loot. 

Beiiltic dikes In chsik In UInnri of Hathlin. Antrim. 

Ground plan, m t««a un the beech. (Cooj^beare and Uuckland.*) 

and the central one. The entire contrast in the composition and 
colour of the intrusive and invaded rocks, in these cases, renders the 
phenomena peculiarly clear and interesting. 

Another of the dikes of the north-east of Ireland has converted a 
mass of red sandstone into hornstone. By another, the shale of the 
coal-measures has been indurated, assuming the character of flinty 
slate; and in another place the slate-clay of the lias has been 
changed into flinty slate, which still retains numerous impressions of 
ammonites.^ 

It might have been anticipated that beds of coal would, from their 
combustible nature, bo affected in an extraordinary degree by the 
contact of melted rock. Accordingly, one of the greenstone dikes of 
Antrim, on passing through a bed of coal, reduces it to a cinder for 
the space of 9 feet on each side. 

At Cockfield Fell, in the north of England, a similar change is 
observed. Specimens taken at the distance of about 30 yards from 
the trap are not distinguivslmble from ordinary pit-coal ; those nearer 
the dike are like cinders, and have all the character of coke; while 
those close to it are converted into a substance resembling soot.J 

As examples might be multiplied without end, I .shall merely 
select one or two othoi'S, and then conclude. The rock of Stirling 
Castle is a calcareous sandstone, fractured and forcibly displaced by 
a mass of grt^onstono which has evidently invaded the strata in a 
melted state. The sandstone has been indurated, and has assumed a 
texture approaching to hornstone near the junction. In Arthur’s 
Seat and Salisbury Craig, near Edinburgh, a sandstone which comes 
in contact with greenstone is converted into a jaspideous rock. 

The secondary sandstones in Skye are converted into solid quartz 
in several places, where they come in contact with veins or masses 
of trap ; and a bed of quartz, says Dr. MacCulloch, found near a 
mass of trap, among the coal strata of Fife, was in dl probability a 
stratum of ordinary sandstone, having been subsequently indurated 
^and turned into quartzite by the action of heat.§ 

But although strata in the neighbourhood of dikes are thus altered 

♦ GeoL Trans. Ist series, toI. iil } Sedgwick, Camb. Trans. toI ii 
p. 210. and plate 10. p. 37. 

t Ibid. p. 213. ; and Playfkir, Ulust § Sjst, of GeoL voL i p. 203. 
of Hutt Theoiy, a 23S. 
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in a variety of cases, shale being turned into flinty slate or jasper, 
limaitone into crystalline marble, sandstone into quarts, coal into 
coke, and the fossil remains of all such strata wholly and in part 
obliterated, it is by no means uncommon to meet with the same rocks, 
even in the same districts, absolutely unchanged in the proximity of 
volcanic dikes. 

This great inequality in the effects of the igneous rocks may often 
arise from an original difference in their tcmjH'rature, and in that of 
the entangled gases, such as is ascertained to prevail in different 
lavas, or in the same lava near its source and at a distance from it. 
The j>ower also of the invaded rocks to conduct heat may vary, 
according to their composition, structure, and the fractures which 
they may liavc oxpericniHHi, and perhaps, also, according to the quan- 
tity of water (so capable of being heated) which they contain. It 
must happen in some coses that the component materials are mixed 
in such proportions as prepare tliem readily to enter into chemical 
union, and form new minerals ; wliile in other cases the mass may 
be more homogeneous, or the proportions less adapted for such 
union. 

We must also take into consideration, that one fissure may l>e sim- 
ply filled wnth lava, w'hich may bc*gin to C(X)1 from the first ; w hereas 
in other cases the fissure may give passage to a current of melted 
matter, which may ascend for days or months, feeding streams which 
are overflowing the country above, or are ejected in the shape of 
scoriae from some crater. If the walls of a rent, moreover, aro 
heated by hot vapour before the lava rises, as wo know may happen 
on the flanks of a volcano, the additional caloric supplied by the dike 
and its gases will act more powerfully. 

Intrusion of trap beticcen strata, — In proof of the mechanical 
force which the fluid trap has sometimes exerted on the rocks into 
which it has intruded itself, I may refer to the Whin-Sill, where a 
mass of basalt, from 60 to 80 feet in height, represented by /i, 
fig. 685., is in part wedged in between the rocks of limestone, 6, and 


Fig. 



Trap batttptHrd b«cwmi dUplao<»d beds of Ilnsoctone tod iHole. it WhUi 
Force. High Teradilo, Duriiiin. (ScdgwklL*) 


shale, c, which have been separated from the great mass of liiiREtone 
and shale, with which they were united. 

* Camh. Trans. toL li p. 
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The Abale in this place is indurated; and the limestone, which at 
a distance from the trap is blue, and contains fossil corals, is here 
converted into white granular marble without fossils. 

Masses of trap are not unfrequently met with intercalated between 
strata, and maintaining their parallelism to the planes of stratifica- 
tion throughout large areas. They must in some places have forced 
their way laterally between the divisions of the strata, a direction in 
which there would be the least resistance to an advancing fluid, if 
no vertical rents communicated with the surface, and a powerful 
hy<lrorttatic pressure were caused by gases propelling the lava 
upwards. 

Columnar and globular structure. — One of the characteristic 
forms of volcanic rocks, especially of basalt, is the columnar, where 
large masses are divided into regular prisms, sometimes easily 8t*pa- 
rable, but in other cases adhering firmly together. The columns 
vary in the number of angles, from three to twelve ; but they have 
most commonly from five to seven sides. They are often divided 
transversely, at nearly equal distances, like the joints in a vertebral 
column, as in the Giants’ Causeway, in Ireland. They vary exceed- 
ingly in respect to length and diameter. Dr. MacCulloch mentions 
some in Skye which are about 400 feet long ; others, in Morven, not 
exceeding an inch. In regard to diameter, those of Ailsa measure 9 
feet, and tliose of Morven an inch or less.* They are usually straight, 
but sometimes curved ; and examples of Inuh these occur in the 
island of StaflTa. In a horizontal bed or sheet of trap the columns 
are vertical ; in a vertical dike they are horizontal. Among other 
examples of the last-m(?ntioned phenomenon is the mass of basalt, 
called the Chimney, in 8t. Helena (see fig. 686.), a pile of hexagonal 


Fig. m. 



VolcAnIc of hor»- 

goouU St. U«kiu. 


prisms, 64 feet high, evidently the remainder of a narrow dike, the 
walls of rock which the dike originally traversed having been re- 


* Mac€ul.,Syst of GcoCvoL E p. 137. 
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moTed down to the level of the sea. In 6g. 6S7«» a small portion of 
this dike is represented on a less reduced scale.^ 

It being assumed that columnar trap has consolidated fh>m a 6uid 
state, the prisms are said to be always at right angles to the cooling 
surfaces. If these surfaces, therefore, instead of being either per* 
pendicular or horizontal, are curved, the columns ought to be inclined 
at every angle to the horizon ; and there is a beautiful ezcmplitlca* 
lion of this phenomenon in one of tlie valleys of tho Vivarais, a 
mountainous district in the South of France, where, in the midst of 
a region of gneiss, a geologist encounters unexpectedly several 
volcanic cones of loose sand and seori®. From the crater of one of 
these cones, called La Coupe d’Ayzac, a stream of lava descends and 
occupies the bottom of a narrow valley, except at those points where 
the river Volant, or the torrents which join it, have cut away portions 
of the solid lava. Tho accompanying sketch (lig. G88.) repi*esents tho 



Lava of La Coupe d'Ajiac, near Antralgue, in the Department of Ar(l6ehe. 


remnant of the lava at one of the points where a lateral torrent joins 
the main valley of the Volant It is clear that tho lava once filled 
the whole valley up to the dotted line d a ; but tho river has gra- 
dually swept away all below that line, while the tributary torrent lias 
laid open a transverse section ; by which we perceive, in tho first 
place, that the lava is composed, as usual in this country, of three 
parts : tho uppermost, at a, being scoriaceous ; the second, A, pre- 
hCiuing irregular prisms; and the third, e, with regular coluinus, 
which are vertical on the banks of the Volant, where they rest on a 
horizontal base of gneiss, but which are inclined at an angle of *10*^ at 
g, and are horizontal at /, their position having been every where 
determined, according to the law before mentioned, by the concave 
form of the original valley. 

In the annexed figure (689.) a view is given of some of tho in- 
clined and curved columns which present themselves on the sides 
of tlie valleys in the hilly region north of Vicenza, in Italy, and 
at the foot of the higher Alps.f Unlike those of the Vivarais, last 
mentioned, the basalt of this country was evidently submarine, and 
the present valleys have since been hollowed out by denudation. 

♦ Seales Geognosy of St. Helena, f Fortis. Mcin. sur rHist, Nat da 
plate 9, ritalie, tom. I p. 233. plate 7. 
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The colamnAT stnietim i» bj no moans 
peealiar to the trap rocks in which 
augito abonnds; it is also obsenred in 
clinkstone, trachjrte, and other felspatbic 
rocks of the igneous class, although in 
these it is rarely exhibited in such re- 
gular polygonal forms. 

It has b^n already stated that basaltic 
columns are often divided by cross joints- 
Sometimes each segment, instead of an 
angular, assumes a spheroidal form, so 
that a pillar is made up of a pile of 
balls, usually flattened, as in the Cheese- 
grotto at Bertrich-Baden, in the Eifel, 
near the Moselle (fig. 690.). The basalt there is part of a small 
stream of lava, from 30 to 40 feet thick, which has proceeded from 



Columnar hauilt In the Vicentin. 
(Fortls.) 
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Baitltic pUlari of the Kaiegmur. Bf*rtrich>Badeo, half wajr between Trevei and CoUents. 

Height of grotto, from 7 to § feet. 

one of several volcanic craters, still extant, on the neighbouring 
heights. Tlie position of the lava bordering the river in this valley 
might be represented by a section like that already given at fig. 635. 
if we merely 8 up|) 08 ed inclined strata of slate and the argillaceous 
sandstone called greywacke to be substituted for gneiss. 

In some masses of decomposing greenstone, basalt, and other trap 
rocks, the globular structure is so conspicuous that the rock has the 
appearance of a heap of largo cannon balls. According to the theory 
of M. Delesse, the centre of each spheroid has been a centre of crys- 
tallixation, around which the different minerals of the rock arranged 
tliemselves symmetrically during the process of cooling. But it was 
also, he says, a centre of contraction, produced by the same cooling. 
The globular form, therefore, of such spheroids is the combined 
result of crystaUixation and contraction.^ 

* Delesse, sor lee Bochee Globaleases, de la Soc. Q^oL de France, 2 s6r. 
tom. iv. 
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A ftiriking eximiple of this strueture ocours in % resinous trschjrto 
or pitchstone-porphyry in one of the Ponxn ialsnds, which rise fhua 
the Mediterranean, off the coast of Terractna and Gaeta. The 

globes vary from a few inches to thrt'O 
feet in diameter, and are of an ellipsoidal 
form (see fig. 691 .). The whole rock is 
in a state of decomposition, **and when 
the balls,** says Mr. Scrope, ** have 
exj>osevi a short time to the weather, they 
seale off at a touch into numerous con* 
centric coats, like those of a bulbous rtK>t, 
inclosing a compact nucleus. The laminas 
of this nucleus have not been »o much 
loosened by decomposition ; but the appli- 
cation of a ruder bh)W will proiluce a still 
further exfoliation.”^ 

A fissile texture is occasionally assumed 
by clinkstone and other trap ro<‘ks, so that 
they have lieen used for nKjfnig liouses. 
Sometimes the priiiiiatic and slaty struc- 
ture is found in tlio same mass. Tho 
causes which give rise to such arrange- 
men is are very obscure, but are supposed 
to be connected with changes of tcm|>eraiure during tin* cooling of 
the mass, os wdll be pointed out in the sequel (Sec Chaps. XXXV. 
and XXXVL) 

Relation of Trappean Rocks to the products of active Volcanos. 

^yhen we reflect on the changes above described in the strata near 
their contact with trap dikes, and consider how ('omplete is the 
analogy or often identity in com[K>sition and structure of the rocks 
called trapp<?an and the lavas of active volcanos, it seems difficult at 
first to understand how so much doubt could have prevailed for half 
a century as to whether trap was of igneous or aqueous origin. IV) 
a certain extent, however, there was a real distinction between the 
trapj)ean formations and those to which the term volcanic was almost 
exclusively confined. A large portion of the trappean rocks first 
studied in the north of Germany, and in Norway, France, Scotland, 
and other countries, were such as had been formed entirely under 
w'ater, or had been injected into fissufes and intruded between strata, 
and which had never flowed out in the air, or over the bottom of a 
shallow sea. When these products, therefore, of submarine or sub- 
terranean igneous action were contrasted with loose cones of scoriae, 
tuff, and lava, or with narrow streams of lava in great part scoria- 
ceous and porous, such as were observed to have proceeded from 
Vesuvius and Etna, the resemblance seemed remote and equivocal 

• Scrope, Geol Trans. Sd series, voL il p. 20A 
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It wwi, in troth, like comparing the root« of a tree with it« leaTea 
and branchce, which, although they belong to the same plant, difei 
in form, texture, colour, mode of growth, and position. The external 
cone, with its hx>se ashes and porous lava, may be likened to the 
light foliage and branches, and the rocks concealed far below, to the 
roots. But it is not enough to say of the volcano, 

** quantum vcrtice in suras 
^theriaii, tantuin ratlicc in Torurs tend it,** 

for its roots do literally reach downwards to Tartarus, or to the 
regions of subterranean fire; and what is concealed far below is 
probably always more important in volume and extent than what is 
visible above ground. 

We have already stated how frequently dense masses of strata 
have been removed by denudation from w^ide areas (sec Chap. VI.); 

and this fact prepares us to expect a 
similar destruction of whatever may 
once have formed the uppermost part 
of ancient submarine or siibaerial vol- 
canos, more especially as those super- 
ficial parts are always of the lightest 
and most perishable materials. The 
abrupt manner in which dikes of trap 
usually terminate at the surface (see 
fig. 692 .), and tlje wat(T-worn pebbles 
of trap in tlu^ alluvium w’hich covers 
the dike, prove incontestably that whatever was uppermost in these 
formations has been swept away. It is easy, therefore, to conceive 
tliat wdiat is gone in regions of trap may have corresponded to what 
is now visible in active volcanos. 

It will be seen in the following chapters, that in the earth’s crust 
there are volcanic tuffs of all ages, containing marine shells, which 
bear witness to eruptions at many successive geological periods. 
These tuffs, and the associated trappean rocks, must not be compared 
to lava and scoria? which had cooled in the open air. Their counter- 
parts must be sought in the products of modern submarine volcanic 
eruptions. If it be objected that we have no opportunity of studpng 
these last, it may be answered, that subterranean movements liave 
caused, almost everywhere in regions of active volcanos, great 
changes in tlie relative level of land and sea, in times comparatively 
modern, so as to expose to view the effects of volcanic operations at 
the bottom of the sea. 

Thus, for example, the examination of the igneous rocks of Sicily, 
especially those of the Val di Note, has proved that all the more 
ordinary varieties of European trap have been there produced under 
the waters of the sea, at a modern period; that is to say, since the 
Mediterranean has been inhabited by a great proportion of the 
existing species of testacea. 


FJk. 
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Tliese igneous rocks of tlto Vnl di Note, and the more sneient 
trappean rocks of Scotland and other countries, differ from sub- 
aerial volcanic formations in being more compact and heavy, and 
in forming sometimes extensive sheets of matter intercalated lx‘- 
tween marine strata, and sometimes stratified conglomerates, of 
which the rounded pebbles are all trap. They differ also in the 
absence of regular cones and craters, and in the want of conformity 
of the lavs to the lowest levels of existing valleys. 

It is highly probable, however, that insular cones did exist in 
some parts of the Val di Noto: and that they were removed by tlto 
waves, in the same manner as the cone of Graham Island, in the 
Mediterranean, was swept away in 1831, and that of Nyik*, off 
Iceland, in 1783.^ All that would remain in such cases, after the 
bed of the sea has been upheaved and laid dry, would Iw dikes and 
shapeless masses of igneous rock, cutting through sheets of lava 
which may have spread over the level bottom of the? sea, and strata 
of tuff, formed of materials first scattered far and wide by the wiiuls 
and waves, and then deposited. Conglomerates also, with pebbles 
of trap, to which the action of the waves must give rise during the 
denudation of such volcanic islands, will emerge from the deep 
whenever the bottom of the sea becomes land. Tho proportion of 
volcanic matter which is originally submarine must always 1m* very 
great, as those volcanic vents which are not entirely beneath lUo 
sea are almost all of them in islands, or, if on continents, near the 
sliore. 

As to the absence of porosity in tho trappean formations, tlie 
appearances are in a great degree deceptive, for all amygdahnds are, 
as already explained, porous rocks, into the cells of which mineral 
matter such as silex, carbonate of lime, and other ingredients, have 
been subsequently introduced (see p. 396.); sometimes, jicrhaps, by 
secretion during the cooling and consolidation of lavas. 

In the Little Cumbray, one of tho WesU*rn Islands, near Arran, 
the amygdaloid sometimes contains elongated cavities filled with 
brown spar; and when the nodules have been washed out, tho 
interior of the cavities is glazed with the vitreous varnish so cha- 
racteristic of the pores of slaggy lavas. Even in some parts of this 
rock which are excluded from air and water, the cells are (‘mpty, 
and seem to have always remained in this state, and are therefore 
undistinguishablo from some modern lavas.f 

Dr. MacCulloch, after examining with great attention these and 
the other igneous rocks of Scotland, observes, “ that it is a mere 
dispute abont terms, to refuse to the ancient eruptions of trap the 
name of submarine volcanoes ; for they are such in every essential 
point, although they no longer eject fire and smoke.” { The same 
author also considers it not improbable that some of the volcanic 

♦ See Princ. of Gcol., Index, “Gra- t MacCulloch, West, lilandf, voL il 
ham Island,” ** Nyde,” ** Conglomerates, p. 487. 
volcanic,” Ac. { Syst of GeoL voL ii. p. 114. 
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rock* of the same country may hare been poured out in the cfm 
air.* 

Although the principal component minerals of sabaerial lavas are 
the same as those of intrusive trap, and both the colunmar mid 
globular structure are common to both, there are, nevertheless, some 
volcanic rocks which never occur in currents of lava, such as 
greenstone, the more crystalline porphyries, and those traps in 
which quartz and mica appear as constituent parts. In short, the 
intrusive trap rocks, forming the intermediate step between lava 
and the plutonic rocks, depart in their characters from lava in 
proportion as they approximate to granite. 

These views respecting the relations of the volcanic and trap 
rocks will be better understood when the reader has studied, in the 
33rd chapter, what is said of the plutonic formations 

aXTEHNAL FOBB, STRUCTUltE, AND OIUGIN OP VOLCANIC MOUNTAINS. 

The origin of volcanic cones with crater-shaped summits has been 
alluded to in the last chapter (p, 589.), and more fully explained in 
the “Principles of Geology” (chaps, xxiv. to xxvii.), where Ve- 
suvius, Etna, San tori n, and Barren Island are described. The more 
ancient portions of those mountains or islands, formed long before 
tlio times of history, exhibit the same external features and internal 
structure which belong to most of the extinct volcanos of still 
higher antiquity; and tliese last have evidently been duo to a 
complicated series of opiTations, varied in kind according to cir- 
cumstances ; as, for example, whetlier the accumulation took place 
above or below the level of the sea, whether the lava issued from 
one or several contiguous vents, and, lastly, whether the rocks re- 
duced to fusion in the subterranean regions happen to have contained 
more or less silica, potash, soda, lime, iron, and other ingredients. 

We are best acquainted with the effects of eruptions above water, 
or those called subaerial or supramarine ; yet the products even of 
these are arranged in so many ways that their interpretation has 
given rise to a variety of contradictory opinions, some of which will 
have to be considered in this chapter. 

Craters and Calderas^ Sandwich Islands, — Wo learn from 
Mr. Dana’s valuable work on the geology of the United States’ 
Exploring Expi>dition, published in 1849, that two of the principal 
volcanos of the Sandwich Islands, Mounts* Loa and Kca in Owyhee, 
are huge flattened volcanic cones, about 14,000 feet high (see fig. 
693.), each equalling two and a half Etnas in their dimensions. 

From tlio summits of these lofty though featureless hills, and from 
vents not for below their summits, successive streams of lava, often 
2 miles or more in width, and sometimes 26 miles long, have flowed. 
They have been poured out one after the other, some of them in 
recent times, in every direction from the apex of the cone, down 


• Syst of GeoL, %'ol il p. lu. 
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dopea varying on an average from 4 degrees to 8 degrees ; but in 
some places considerably steeper. Sometimes deep rents are formed 
on the sides of these conical mountains, which are afterwards hlUnl 
from above by streams of lava passing over them, the liquid matter 
in such cases consolidating in the iissurt^s and forming dikes. 

The lateral crater of Kilauea, 6, fig. 693., is between 3000 and 4000 
feet above the sea-level, or about the height of Vesuvius. It is an 
immense chasm, 1000 feet deep, and its outer circuit no less than 
from two to three miles in diameter. I^ava is usually seem to boil 
up at the bottom in a lake, the level of which varies continually, for 
the liquid rises and falls several hundred feet according to tlie 
active or quiescent state of the volcano. But instead of overflowing 
the rim of the crater, as commonly hapjwns in other vents, the 
column of melted rock, when its pressure b<*comea excessive, forces 
a passage through some subterranean galleries or rents leading 
towards the sea. Mr. Coan, an American missionary, has descril^ed 
an eruption which took place in June 1840, when the lava which 
had risen high in the great chasm began to escape from it. Its 
direction w'as first recognised by the emission of a vivid light from 
tlie bottom of an ancient wooded crater, called Ararc, 400 feet deep 
and 6 miles to the eastward of Kilauea. The connection of this 
light with the discharge or tapping of the great reservoir was 
proved by a change in the level of the lava in Kilauea, which sank 
gradually for three wiH^ks, or until the eruption ceascKl, when the 
lake stood 400 feet lower than at the commencement of the outbreak. 
The passage, therefore, of the fluid matter from Kilauea to Aram 
was underground, and it is supposM^d by Mr. Coan to have bcx.m at 
its first outflow 1000 feet deep below the surface. Tlie next 
indication of the subterranean progress of the same lava was 
obser\x»d a mile or two from Arare, where the fiery flood broke out 
and spread itself superficially over 50 acres of land, and then again 
found its way underground for several miles farther towards the 
sea, to reappear at the bottom of a second ancient and woo<led 
crater, vrhich it partly filled up. The course of the fluid then 
became again invisible for several miles, until it broke out for the 
last time at a point ascertained by Captain Wilkes to be 1244 feet 
above the sea, and 27 miles distant from Kilaueau From thence it 
poured along for 12 miles in the open air, and then leapt over 
a cliff 50 feet high, and ran for three weeks into the sea. Its 
termination was at a place about 40 miles distant from Kilauea. 
The crust of the earth overlying the subterranean course of the lava 
was often traversed by innumerable fissures, which emitted steam, 
and in some places the incumbent rocks were uplifted 20 or 30 feet. 
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Thus in the same volcano examples are aRbrded of the overflowiiig 
of lava from the summit of a cone 2^^ miles high, and of the under- 
lowing of melted matter. Whether this last has formed sheets 
intercalated between the stratified products of previous eruptions, 
or wliether it has penetrated through oblique or vertical fissures, 
cannot be determined. In one instance, however, for a certain 
space, it is said to have spread laterally, uplifting the incumbent 
soil. 

The annexed section of the crater of Kilauea, as given by 
Mr. Dana, follows the line of its shorter diameter, a, 6, which is 


Flf. 694. 



Section of the crater of Kilauea in the Sandwich Uiandt. (Dana.) 
a, b. External tKxiDdartea of the chaam in the line of It* »horte»t diameter. 
c, f, Jtd, Black g, h. Lake of lava. 


about 7500 feet long. The boundary cliffs, a, c and 5, rf, are for the 
most part quite vertical and 650 feet high. They are composed of 
compact rock in layers, not divided by scorire, some a few inches, 
others 30 feet in thickness, and nearly horizontal. Below this, we 
come to what is called tlie “ black ledge,” c, e and /, t/, composed of 
similar stratified materials. This ledge is 342 feet in height above 
the lake of lava, r/, A, which it encircles. The chasm, a, b, and its 
walls have probably been duo to a former sinking down of the 
incumbent rocks, undermined for a space by the fusion of their 
foundations. The lower ledge, c, e and /, rf, may consist in part of 
the mass which sank vertically, but part of it at least must be made 
up of layers of lava, which have been seen to pour one after the 
other over the ‘‘black ledge.” K at any future period the heated 
fluid, ascending from the volcanic focus to the bottom of the great 
chasm, should augment in volume, and, before it can obtain relief 
should spread itself subterraneously, it may melt still farther the 
subjacent masses, and, causing a failure of support, may enlarge still 
more the limits of the amphitheatre of Kilauea. There are distinct 
signs of subsidences, from 100 to 200 feet perpendicular, which 
have occurred in the neighbourhood of Kilauea at various points, 
and they are each bounded by vertical walls. If all of them were 
united, they would constitute a sunken area equal to eight square 
miles, or twice the extent of Kilauea itself. Similar accidents are 
also likely to occur near the summit of a dome like Mount Loa, for 
the hydrostatic pressure of the lava, after it has risen to the edge or 
lip of the highest crater, a, fig. 693., must be great and must create 
a tendency to lateral Assuring, in which case lava will be injected 
into every opening, and may begin to undermine. If, then, some of 
the melted matter be drawn off by escaping at a low^er level, where 
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the pressure would bo still grester, tbe whole top of the mouuUiii, 
or a large part of it, might fall ia. 

Instances of such truncations, however caused, have occurred in 
Java and in the Andes within the times of history, and to such evenU 
we may perhaps refer a very common feature in the configuration of 
volcanic mountains, — namely, that the present active cone of erup- 
tion is surrounded by the ruins of a larger and older cone, usually 
presenting a crescent-shaped precipice towards tlio newer cone. In 
volcanos long since extinct, the erosive power of running water, or, 
in certain cases, of the sea, may have greatly modilied the shape of 
the “ atrium,” or space bt»tween the older and newer cone, and the 
cavity may thereby bo prolonged downwards, and end in a ravine. 
In such cases it may be impossible to determine how much of the 
missing rocks has been removed by explosion at tije time when 
the original crater was active, or how much by subsc^quent cngulph- 
ment and denudation. 

Jat'a, — One of the latest contributions to our knowledge of vol- 
canos will be found in Dr. Junghuhn's work on Java, where forty- 
six conical eminences of volcanic origin, varying in elevation from 
4000 to nearly 12,000 feet above the sea, constitute the highest 
peaks of a mountain range, running through the island from east to 
west. All of them, with one exception, did this indefatigable traveller 
survey and map. In none of them could ho discover any marine 
remains, whether adhering to their flanks or entering into their in- 
ternal structure, although strata of marine origin are met with 
nearer the sea at lower levels. Dr. Junghuhn ascril)es the origin of 
each volcano to a succession of subaerial eruptions from one or more 
central vents, whence scoriae, pumice, and fragments of rock were 
thrown out, and whence liave flowed streams of tracliytic or basaltic 
lava. Such overflowings have Ix^en witnessed in modern times from 
the highest summits of several of the peaks. The external sIojk^ of 
each cone is generally greatest near its apex, where the volcanic 
strata have also the steepest dip, sometimes attaining angles of 20, 
30, and 35 degrees, but Injcoming less and less inclined as they recede 
from the summit, until, near their base, the dip is reduced to 10 and 
often 4 or 5 degrees.* The interference of the lavas of adjoining 
volcanos sometimes produces elevated platforms, or “saddles,” in 
which the layers of rock may be very slightly inclined. At the top 
of many of the loftiest mountains the active cone and crater are 
of small size, and surrounded by a plain of ashes and sand, this 
plain being encircled in its turn by what Dr. Junghuhn calls “the 
old crater-wall,” which is often 1000 feet and more in vertical height 
There is sometimes a terrace of intermediate height (as in the moun- 
tain called Tengger), comparable to the “ black ItHlge ” of Kilauea 
(fig. 694.). Most of the spaces thus bounded by semicircular or more 
than semicircular ranges of cliffs are vastly superior in dimensions to 

♦ Java, dcszelffl gedaante« bekleeding hnhrj. (German trandation of 2d edit 
en invendige structaur, door F. Jung- by HaMkarh lajipiig, iS52.) 
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the Aren of anj known crater or hollow which has been obeenred in 
anj part of the world to be occupied by a lake of liquid lava. As 
the Spaniards have giren to such large carities the name of Caldera 
(or cauldron), it may be useful to use this term in a technical sense, 
whatever views we may entertain as to their origin. Many of them 
in Java are no less than four geographical miles in diameter, and they 
are attributed by Junghuhn to the truncation by explosion and sub- 
sidence of ancient cones of eruption. Unfortunately, although several 
lofty cones have lo.st a portion of their height within the memory of 
man, neither the inhabitants of Java nor their Dutch rulers have 
transmitted to us any reliable accounts of the order of events which 
occurred.* 

Dr. Junghuhn believes that Papandayang lost some portion of its 
summit in 1772 ; but affirms that most of the towns on its sides said 
to have been cngulphed were in reality overflowed by lava. 

From the highest parts of many Javanese calderas rivers flow, 
which in the course of ages have cut out deep valleys in the moun- 
tain’s side. As a general rule, the outer slopes of each cone are 
furi'owed by straight and narrow ravines from 200 to 600 feet deep, 
radiating in all directions from the top, and increasing in number as 
wo descend to lower zones. The ridges or “ ribs,” intervening be- 
tween these furrows, are very conspicuous, and compared to the 
spokes of an umbrella. In a mountain above 10,000 feet high, no 
furrows or intervening ribs are met with in the upper 300 or 400 
feet. At the height of 10,000 feet there may be no more than 10 in 
number, whereas 500 feet lower 32 of them may be counted. They 
are all ascrik'd to the action of running water ; and if they ever cut 
through the rim of a caldera, it is only because the cone has been 
truncated so low down as to cause the summit to intersect a middle 
region, where the torrents once exerted suflBcient power to cause a 
series of such indentations. It appears from such facts, that, if a cone 
escapes destruction by explosion or engulphment, it may remain un- 
injured in its upper portion, while there is time for the excavation 
of deep ravines by lateral torrents. 

It is remarked by Dr. Jungliuhn, as also by Mr. Dana in regard to 
the Pacific Islands, that volcanic mountains, however large and 
however much exposed to heavy falls of rain, support no rivers so 
long as they are in the process of growth, or while the highest 
crater emits from time to time showers of scori® and floods of lava. 
Such ejectamenta and such currents of melted rock fill up each 
superficial inequality or depression where water might otherwise 
collect, and are moreover so porous that no rill of water, however 
small, can be generated. But where the subterranean fires have been 
long since spent, or are nearly exhausted, and where the superficial 
scori® and lavas decompose and become covered with clayey soils, 
the erosive action of water begins to operate with a prodigious 
force, proportionate to the steepness of the declivities and the in- 


• See Principles of Gcol,, 9th edit p. 49a. 
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eohsreat nsture of tbe sand and sdiOA Etoh the more ftolid kvai 
are oeca«iotiall]r caTomoui, and almost always alternate witli scorim 
and perishable taffs» so as to be readily undermined^ and most of 
them are speedily reduced to fragments of a transportable sixe be* 
cause they arc divided by vertical joints or split into columns, 

Canofy Islands — PalmcL — I have enlarged so fully in the ** Prin- 
ciples of Geology’’ on the dijQTerent views entertained by eminent 
authorities respecting the origin of volcanic cones, and tiie laws 
governing the dow of lava, and its consolidation, that, in order not 
to repeat here what I have elsewhere published, I shall confine 
myself in the remainder of this chapter to the description of facts 
observed by me during an exploration of Madeira and some of the 
Canary Islands in 1863-4, In these excursions, made in tlie winter 
of 1853-4, I was accompanied by an active fellow-labourer, M, 
Hartung, of Konigsberg.* Wo visited, among other places, the 
beautiful island of Palma, a spot rendered classical by the descrip- 
tion given of it in 1825 by the late I/eo|X)ld Von Buch, who regarded 
it as a type of what he called a “ crater of elevation.” 

Palma is 46 geographical miles west of Teneriffe, Seen flpom the 





Map of Patou, Ikon Sorroy of Capt. Vidal, 


channel which divides the two 
islands, Palma ap[)ears to consist 
of two principal mountain masses, 
the depression between them 
being at the pass of Tacaoda, 
or at a (map, fig. 695.), which 
is about 4600 feet above the 
sea^level. The most northern of 
these masses makes, notwith- 
standing certain irregularities 
hereafter to be mentioned, a con- 
siderable approach in general 
form to a great truncated couc, 
having in the centre a huge and 
deep cavity called by the inha- 
bitants La Caldera.” This ca- 
vity (6, c, dy c, fig. 695.) is from 
3 to 4 geographical miles in dia- 
meter, and the range of preci- 


pices surrounding it vaiyr £nim about 1500 to 2500 feet in verticid 
height. From their base a steep slope, clothed by a splendid forest 
of pines, descends for a thousand and jometimes two thousand feet 
lower, the centre of the Caldera being about 2000 feet above the sea. 
The northern half of the encircling ridge is more than 7000 English 
feet above the sea in its highest peaks, and is annually white with 


snow during the winter months. 

Externally the flanks of this truncated cone incline outwards in 
every direction, the slopes bmng steepest near the crest, and lessening 


a See Hsrtoiig, Gsdogy of Madetra and Porto Santo. Lelpslg, 1864 , 
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as they approach the lower country, A great munber of ravines 
commence on the ^anks of the mountain, a short distance below the 
sununit, shallow at first, but getting deeper as they descend, and 
becoming at the same time more numerous, as in the cones of Java 
before mentioned. 

So unbroken is the precipitous boundary-wall of the Caldera, 
except at its south-western end, where the torrent which drains it 
through a deep gorge (ft, ft', fig. 696.) issues, that there is not even a 
footpath by which one can descend into it save at one place called 
the Cumbrecito («, map, fig. 695. p. 621.). This Cumbrecito is a 
narrow col or watershed at the height of about 2000 feet above the 
bottom of the Caldera, and 4000 above the sea, and situated at tlie 
precise limit of two geological formations presently to bo mentioned. 
This col also occurs at the level where, in other parts of the Caldera, 
the vertical precipices join the talus-like, rocky slope, covered with 
pines. 'I'he other or principal entrance by which the Caldera is 


Fig. 606. 



Map of the Caldera of Palma and the irreat ravine, called ** Barra nco tie lai Angu«tiaii ” From 
the Survey of Capt. Vidal, it. N.. leiS?. Scale, two geographical oulea to an iuch. 
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dmned is the great rarine or barrtmcOy as it is called (see i, b\ dg. 
696.x which extends from tlie south-western extremity of the Cid- 
dera to the sea, a distance of 4^ geographical miles, in which space 
the water of the torrent falls about 1500 feet. 

Fli. C»T. 



View of the ble of FeloMt and of (hr entrance into (hr central cavity or CahieriL From 
Von Buch't** Canary hlantU/* 


This sketch was taken by Von Buch from a point at sea not 
visited by us, but we saw enough to convince us that several lateral 
cones ought to have been introduced on the great slope to the left, 
besides numerous deep furrows radiating from near tlio summit to the 
sea (see the map, fig. 696.). The sea docs not enter the great 
Barranco, as might be inferred from this sketch. 

The annexed scHjtion (fig. 698.) passes through the island from 
Santa Cruz do Palma to Briera Point, or from south-east to north- 
west (see map, p. 621.). It has been drawn up on a true scale 
of heights and horizontal distances from the observations of 
Mr. Hartung and my own. 


Fig. 098. 





Section of the Ul^nd of Palmji, from Point Br»era, on the north- wr»t, to SanU Cru» de Palma, on 
Uie touth^att. See map, fig. 695., p. 

<f, k. The Caldera (height of n, r4¥30 feet). c. CommencemeiU of «t«t|»«r dip. 

rf, Sa»ita Cnix de Palma or 'l>do<e. 

e. I .de»ai cone, 3940 feed alM>v« the sea ( Vidal’i Map). 

/. Bnern Point. 

g. One i*f several «uiUer« of the «pp»»r formation in centre of Caldera. 

S. F. Half-buried cone and crater of San Pedro. 


The lavas are seen to be slightly i»cHned near the sea at Santa 
Cruz, where we observed them flowing round the cone of San Pedro, 
which they have more than half buried without ent<*ring the crater. 
On starting from the same part of the sea-coast, and asc(‘iiding the 
deep Barranco de ia Madera, we saw just below c the basaltic lavaa 
dipping at an angle of 5 degree^ there being no dikes in that region. 
Farther op, where the dikes were still scarce, the dip of the beds 
increases to 10 and 15 degrees, and they iKJCome still steeper as they 
approach the Caldera at 6, where dikes abound. 


SECTION OF THE ISLAND OF PALMA. FROM NORTH-EAST TO SOUTH-WEST. 
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The fteetioii (fg« 699.) is elriglii aai^ to tbs iifeoe£iig» wd eats 
Cxnmgh the eooe m the difeettoa of the greet Bsmaee^ or firom 
Aorth^esst to sooth-west 


The lowest of the two slsotiiig lines, in, % deseeadiiig from the 
Cslders to the see along the bottom of the Bsrratico, represents the 
present bed of the toneat ; the upper line, A, 4 the height at which 
beds of gravd, elerated high above the present river-channel, ore 
visible in detached patches, shown by dotted spaces at A, and to the 
south-west of it, on the some slope. Those, and the continnous 
stratified gravel and conglomerate lower down at / and i, ore newer 
than oil the volcanic rocks seen in this section. 

The upper volcanic formation, to be described in the sequel, is 
traversed by numerous dikes, which could not be expressed on this 
small scale. The vertical lines in the lower formation represent a 
few of the perpendicular dikes which abound there. Countless 
others, inclined and tortuous, are found penetrating the same rocks. 
The five outliers of somewhat pjrromidol shape, at the bottom of the 
Caldera (on each side of m), agree in structure and composition with 
the upper formation, and may have subsided into tlieir present 
position, if the Caldera was caused by engulphment, or may have slid 
down in the form of land-slips, if the cavity be attributed chiefly to 
aqueous erosion. 

In the description above given of the section (fig. 699.), the cliffs 
which wall in the Caldera are spoken of as consisting of two forma- 
tions. Of those the uppermost alone gives rise to vertical precipices, 
from the base of which the lower descends in steep slopes, which, 
although they have the external aspect of taluses, are not in fact 
made up of broken materials, or of ruins detached from the higher 
rocks, but consist of rocks in place. Both formations are of volcanic 
origin, but they differ in compos! tiou and structure. In the upper, 
the beds consist of agglomerate, scorisEi, lapilli, and lava, chiefiy 
basaltic, the whole dipping outwards, as if from the axis of the 
original cone, at angles varying from 10 to 28 degrees. The solid 
lavas do not constitute more than a fourth of the entire mass, 
and are divided into beds of very variable thickness, some scoriaceous 
and vesicular, others more compact, and even in some cases rudely 
columnar. All these more stony masses are seen to tliin out and 
come to on end wherever they can be traced horizontally for a 
distance of half or a quarter of a mile, and usually sooner. Coarse 
breccias or agglomerates predominate in the lower part, as if the 
commencement of the second series o£ rocks marked an era of vio- 
lent gaseous explosions. Single beds of this aggregate of angular 
stones and scorim attain a thickness of from 200 to 300 feet 'fhey 
are united together by a paste of volcanic dust or spongiform scoriae 

At one point on the right side of the great Barranco, near its 
exit from the Caldera, we observed in the boundary precipice a Itrfly 
column of amorphous and scoriaceous rock in which the red or lust- 
coloured scoriae are as twisted and ropy as any to be seen on the 
slopes of Vesuvius ; seeming to imply that there was here on ancient 
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rent or elumiid discharge subsequOTitlj buried under the produeto 
of newer eruptions. Countless dikes, more or less yertical^ consisting 
chiefly of basaltic lava, traverse the walls of the Caldera, some d 
them terminating upwards, but a great number reaching the rerf 
crest of the ridge, and therefore having been posterior in origin to 
the whole precipice. 

We could not discover in any one of the fallen masses of agglo* 
merate which strewed the base of the cliffs a single pebble or 
waterwom fragment. Each imbedded stone is either angular Wy 
if globular, consists of scorise more or less spongy, and evidently not 
owing its shape to attrition. It would be impossible to account for 
the absence of waterwom pebbles if the coarse breccia in question 
had been spread by aqueous agency over a horizontal area co- 
extensive with the Caldera and the volcanic rocks which surround 
it The only cause known to us capable of dispersing such heavy 
fragments, some of them 3, 4, or 6 feet in diameter, without blunting 
their edges, is the power of steam, unless indeed we could suppose 
that ice had co-operated with water in motion ; and the interference 
of ice cannot be suspected in this latitude (28® 40'), especially as I 
looked in vain for signs of glacial action here and in the other 
mountainous regions of the Canary Islands. 

The lower formation of the Caldera is, as before stated, equally of 
igneous origin. It differs in its prevailing colour from the upper, 
exhibiting a tea-green and in parts a light yellow tint, instead of 
the usual brown, load-coloured, or reddish hues of basalt and its 
associated scoriai. Beds of a light greenish tuff are common, 
together with trachytic and greenstone rocks, the whole so reti- 
culated by dikes, some vertical, others oblique, others tortuous, that 
we found it impossible to determine the general dip of the beds, 
although at the head of the great gorge or Barranco they certainly 
dip outwards, or to the south, as stated by Von Buck But in 
following the section down the same ravine, where the mountain 
called Alejanado (d, figs. pp. 621. and 624.) is cut through, and where 
the rocks of the lower formation are very crystalline, we found what 
is not alluded to by the Prussian geologist, that the beds exposed 
to view in cliffs 1500 feet high have an anticlinal arrangement, 
exhibiting first a southerly and then a northerly dip at angles 
varying from 20 to 40 degrees (see section, fig. 699. at A). Hence we 
may presume that the older strata must have undergone great 
movements before the upper formation was superimposed. No 
organic remains having been discovered in the older series, we 
cannot positively decide whether it was of subaerial or submarine 
origin. We can only affirm that it has been produced by successive 
eruptions, chiefly of felspathic lavas and tuffs. Many beds which 
probably conaisted at first of soft tuffs have been much hardened by 
the contact of dikes and apparently much altered by other plutonic 
influences, so that they have acquired a semicrystalline and almost 
metamorphic character. 

The existence of so great a mass of volcanic rocks of ancient data 
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on the exftct site of m equiUj Ttsi eecttmulation of compmtiTdif 
modem kvas and soorisB is peonllarlp worthy of notioe as a general 
phenomenon observed in very different parts of the globe. It proves 
that, notwithstanding the fact in the past history of volcanos that 
one region after another has been for ages and has then ceased to bo 
the chief theatre of igneous action, still the activity of subterranean 
heat may often be persistent for more than one geological period in 
the same place, relaxing perhaps its energies for a while, but then 
breaking out afresh with an intensity as great as ever. 

We have still to consider the mode of origin of tlie higher volcanic 
mass, or the upper series of rocks with which the peculiar form of 
the Caldera is more intimately connected. The principal question 
here arising is this, whether the mass was dome-shaped from the be- 
ginning, having grown by the superposition of one conical envelope 
of lava and ashes formed over another, or whether, as Yon Buch 
and his followers imagine, its component materials were first spread 
out in horizontal or nearly horizontal deposits and then upheaved at 
once into a dome-shapt^d mountain with a caldera in its cemtre. 
According to the first hypothesis the cone was built up gradually, 
and completed with all its beds dipping as now, and traversed by all 
its dikes, before the Caldera originated. According to the other, 
the Caldera was the result of the same movements which gave a 
dome-shaped structure to the mass, and which caused the beds to be 
highly inclined ; in other words, the cone and the Caldera were 
produced simultaneously. So singularly opposite are these views 
that the principal agency introduced by the one theory is upheaval, 
by the other the fall of matter from the air. The very name of 
** Elevation Craters ** points to the kind of movement to which one 
school attributes the origin of a cone and caldera ; whereas the chief 
agencies appealed to by the other are gaseous explosions, cngulph- 
ment, and aqueous denudation. 

The favourable reception of the doctrine of upheaval has arisen 
from the following circumstances. Streams of lava, it is said, 
which run down a declivity of more than three degrees are never 
stony ; and, if the slope exceed five or six degrees, they are mere 
shallow and narrow strings of vesicular or fragmentary slag. 
Whenever, therefore, we find parallel layers of stony lava, especially 
if they be of some thickness, high up in the walb of a caldera, wo 
may be sure that they were solidifi^ originally on a very gentle 
slope ; and if they are now inclined at angles of 10®, 20®, or 30®, 
not only they, but all the interstratified beds of lapilli, scoriss, tufi^ 
and agglomerate, must have been at first nearly flat and must have 
been afterwards lifted up with the solid beds into their present 
position. It is supposed that such a derangement of the strata could 
scarcely fail to give rise to a wide opening near the centre of 
upheaval, and in the case of Palma, the Caldera (which Yon Bueh 
called ** the hollow axis of the cone may represent this breach 
of continuity. 

Among othOT olijeetiotis to the elevatioii-crater tibeory often 
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lulTftiiead and never jet aniwered are the fonowmg : Fiiiti in 
moat ealderaa, as in Palma, the rim of the great cayitj and the 
eireolar range of precipices stirroanding it remain entire and 
unbroken on three sides, whereas it is difficult to conceive that a 
series of volcanic strata 2000 or 3000 feet thick could have once 
extended over an area six or seven miles in its shortest diameter 
and tlien have been upraised bodilj, so that the beds should dip at 
steep angles towards all points of the compass from a centre, and 
jet that no great fractures should have been produced. We should 
expect to see some open fissures on every side, widening as thej 
approach the caldera. The dikes, it is true, do nndoubiedlj attest 
many dislocations of the mass, which have taken place at successive 
and often distant periods. But none of them can have belonged to 
the supposed period of terminal and paroxysmal upheaval, for, had 
the caldera existed when they originated, the melted matter now 
solidified in each dike must, instead of filling a rent, have flowed 
down into the caldera, tending so far to obliterate the great cavity. 

The second objection is the impossibility of imagining that so vast 
a series of agglomerates, tufis, stratified lapilli, and highly scoria- 
ceous lavas could have been poured out within a limited area without 
soon giving rise to a hill, and eventually to a lofty mountain. Such 
heavy angular fragments as are seen in the agglomerates, single beds 
of which are sometimes 200 or 300 feet thick, must when hurled 
into the air have fallen down again near the vent, and would be 
arranged in inclined layers dipping outwards from the central axis 
of eruption. It is in perfect accordance with this hypothesis that we 
sliould behold agglomerates, lapilli, and scorim predominating in the 
walls of the Caldera ; whereas in the ravines nearer the sea, where 
the inclination of the beds has diminished to 10 and even to 5 
degrees, the proportion of stony as compared to fragmentary ma- 
terials is precisely reversed. It is also natural that the dikes should 
be most numerous where the ejcctamenta are to the more solid beds 
in the proportion of 3 to 1, as at 5, fig. 698. p. 623. ; while the dikes 
are few in number where the stony lavas predominate (as at c, ibid.). 
Many of the scoriaceous beds at b may 1^ the upper extremities of 
currents which became stony and compact when they reached c, 
and floweil over a more level country ; but this suggestion cannot 
be assented to by the advocates of the upheaval theory, for it assumes 
the existence of a cone long before the time had arrived for the 
catastrophe which according to their views gave rise to a conical 
mountain. 

I^ however, we reject the doctrine that the beds were tilted by a 
movement posterior to the accumulation of all the compact and frag- 
mentary rocks, how are we to account for the steepness of the dip of 
some stony lavas high up in the walls of the Caldera ? These masses 
are occasionally SO or 100 feet thick, of lenticular shape, as seen in 
the cliffs from below, and to all appearance parallel to the associated 
layers of scoriaj and lapilli. But unfortunately no one can climb up 
and determine how far the supposed paraUelism may be deceptive. 
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The solid beds extend in genersl oxer smnll horisonlsl spsess, snd 
some of them may possibly be no other thnn intrusive lavts, in the 
nature of dikeSi more or less parallel to the layers of ejectamenta. 
Such lavas, when the crater was full, may have forced their way 
between highly inclined beds of scorim and lapillL We know tlmt 
lava often breaks out from the aide or base of a cone, instead of 
rising to tlie rim of tho crater. Nevertheless one or two of tlio atony 
msasea alluded to seemed to me to resemble lavas which had flowed 
out superficially. They may have solidified on a broad ledge formed 
by the rim of a crater. Such a rim might be of considerable breadth 
af^ter a partial truncation of the cone. And some lavas may now 
and then have entirely filled up the atrium^ or what in the case of 
Somma and Vesuvius is called tho cUrio del cavallo^ that is to say, 
the interspace between the old and new cone. When by tlie products 
of new eruptions a uniform sloj>e has been restored, and the two cones 
have blended into one (see r, c, fig., p. 638.), tho next breaking down 
of the side of the mountain may display a mass of compact rock of 
great thickness in the walls of a caldera, resting upon and covert?d 
by ejectamenta. Other extensive wedges of solid lava will bo 
formed on the fianks of every volcanic mountain by the? intcnforonco 
of lateral, or, as they are often teniied, parasitic cones, which check 
or stop the downward flow of lava, and occasionally offer deep cratcTs 
into which the melted matter is poured. 

By aid of one or all the processes above enumerated we may 
certainly explain a few exceptional cases of intercalated stony l>ed8, 
in the midst of others of a loose and scoriaceous nature, tho wliolo 
being highly inclined. But to account for a succession of compact 
and truly parallel lavas having a steep dip, we may suppose that 
they flowed originally down the flanks of a cone sloping at angles 
of from 10 to 15 degrees, or even much more, as in many active 
volcanos. They may also have acquired subsequently a still steeper 
inclination, for it would be rash to assume the entire absence of 
local disturbances during the growth of a volcanic mountain. Some 
dikes are seen crossing others of a different composition, marking a 
distinctness in the periods of their origin. Tlie volume of rock 
filling such a multitude of fissures as we see indicated by the dikes 
in Palma must be enormous; so that, could it be witlidrawn, the 
mass of ejectamenta would collapse and lose both in height and 
bulk. The injection, therefore, of all this matter in a liquid state 
must have been attended by the gradual distension of the cone, the 
increase of which I have elsewhere aompared both to the exogenous 
and endogenous growth of a tree, as it has been affected alike by 
external and internal accessions. 

Bat the acquisition of a steeper dip by such reiterated rendinga 
and injectioDs of a cone is altogether opposed to the views of 
those who defend the upheaval hypothesis, b^ause it draws vrith it 
Uie conclusion that the slopes were always growing steeper mid steeper 
in proportion as die cone waxed older and loftier. Once admit this, 
and it follows, that the upper layers of solid lava must have ecMs* 
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formed to surfaces already inclined at angles of 20, or, in the case of 
the Caldera of Palma, 28 degrees. 

For this reason the defenders of the nphearal hypothesis are con- 
sistent with themselves in assigning the whole movement by which 
the strata, whether solid or incoherent, have been tilted, exclusively 
to one terminal catastrophe. The whole development of subter- 
ranean force is represented as the last incident in every series of 
volcanic operations, the closing scene of the drama ; and the sudden 
and paroxysmal nature of the catastrophe is inferred from the 
absence of all signs of successive and intermittent action so cha- 
racteristic of the antecedent volcanic phenomena. 

I have alluded to an opinion entertained by some able geologists, 
that no lava can acquire any degree of solidity if it flows down a 
declivity of more than three degrees. This doctrine I have, I 
think, proved in my memoir on Mount Etna* to be entirely erro- 
neous. I have there shown, from observations made by me in 1857, 
that modern lavas, several of them of known date, have formed con- 
tinuous beds of compact stone on slopes of 15, 36, and 38 degrees, 
and, in the case of the lava of 1852, more than 40 degrees. The 
thickness of these tabular layers varies from l i foot to 26 feet ; and 
their planes of stratification are parallel to those of the overlying 
and underlying scorite which form part of the same currents. 

There are some lavas north-east of Fuencaliente, at the southern 
extremity of Palma, so modern as to be still black and uncovered 
with vegetation, winch descend slopes of no less than 22 degrees, and 
yet contain largo masses of compact stone, formed chiefly on the sides 
of tunnel-shaped cavities, 15 or 20 feet deep, in wliich one layer has 
solidified within another on the walls of these channels, while in the 
central part the lava seems to have remained fluid so as to run 
out of the tunnel, leaving an arched cavity, the roof of which has in 
most coses fallen in. The strength of the enveloping crust of scori® 
at the lower end of a lava-current in which one of these tunnels 
existed may have been suflUcient to arrest the progress of the stream 
for hours or days, and during that time solidification may have 
occurred under great hydrostatic pressure. 

Before taking leave of Palma, we have yet to consider another 
distinct point, namely, what amount of denudation has taken place 
in the Caldera and its environs. Assuming that the great cavity or 
some part of it may have originated in the truncation of a cone in 
the manner before suggested, to what extent has its shape been sub- 
sequently enlarged or modified by aqueous erosion? It will be 
remembered that a conglomerate of well-rounded pebbles, no less 
than 800 feet thick, was spoken of as visible in the great Barranco 
(see description of section, pp. 621, 625.). That conspicuous deposit, 
3 or 4 miles in length, was evidently derived from the destruction 
of rocks like those in the Caldera, for the present torrent brings 
down annually similar stones of every size, some very large, and 
rounds them by attrition in its channel. By what changes in the 

• Phil Tram., 1858. 
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coofigoratioQ of the island aftor the old Tolcaoo and its Caldera were 
formed was so vast a thickness of gravel formed^ to be afterwards 
cut through to a depth of 800 feet ? The raviue through which 
the torrent now flows has been excavated to that depth through Uie 
old conglomerate. The occurrence of two or three layers of con- 
temporaneous lava, intercalated between the strata of puddingstone, 
ought not to surprise us ; for even in historical times eruptions have 
been witnessed in the southern half of Palma. Such basaltic lavas, 
one of them cohitymar in structure, have not come down from the 
Caldera, but from cones much nearer the sea, and immediately ad- 
joining the liarranco, like the cone of Argual (see map, p. 622.) and 
others. These lavas, of the same age as the conglomerate, consist 
of three or four currents of limited extiMit, for in many parts of the 
river-clifls no volcanic formation is visible on either biuik. On the 
right bank of the Barranco, the conglomerate, when traced west- 
ward, 18 soon found to come to an end as it abuts against the lofty 
precipice e (fig. 7<X).), which is a prolongation of the western wall 
of the Caldera. Its extent eastward trorn 0 ' may be more consider- 
able, but cunnot be ascertained, as it is concealed under modern 
iicorifie and lava spread over the great platform, F. 
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A. or B irranco d« )af At«eu«(Ui, near it trrtnitiAtioQ In 
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As we could find no organic remains in the old gravel, we hare no 
positive means of deciding whether it be fluviatile or marine* The 
height of its base above the sea, where it is 800 feet thick, may be 
about 350 feet, but patches of it ascend to elevations of JOOO and 
1500 feet near the top of the Bairanco, as shown at &c., in secliori, 
fig. 699. p. 624. Such a mass of gravel, therefore, bears testimony 
to the removal of a prodigious amount of materials from the Caldera 
by the action of water. Wliatever may have been the mode of 
transportation, it is obvious that a large portion of the volemic 
materials, consisting of sand, lapilli, and scoriss, before described 
(p. 625.) as belonging to the upjier formation in the Caldera, would 
leave behind them few pebbles. Nearly all of these perishable 
deposits would be swept down in the shape of mud into the Atlantic* 
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Eren the htrd rounded stonef, etnce they were once muguler end 
ere now ground down into pebbles, mnst have lost more thin half 
their original bulk, and bear witness to large quantities of sedi* 
mentary matter consigned to the bed of the ocean. We saw In the 
Caldera blocks of huge size thrown down by cascades from the upper 
precipices during the melting of the snows, a fortnight before our 
visit, and much destruction was likewise going on in the lower set of 
rocks by the same agency. We also learnt that a great Hood rushed 
down the Barranco in the spring of 18d4, shortly before our arrival, 
damaging several houses and farms, and I liave therefore no doubt 
that the erosive power even of rain and river water, aided by earth* 
quakes, might in the course of ages empty out a valley as large as the 
Caldera, although probably not of the same shape. I am disposed to 
attribute the circular range of cliffs surrounding the Caldera to vol- 
canic action, because they forcibly reminded me of the precipices 
encircling three sides of the Val del Bove, on Etna ; and because 
they agree so well with Junghuhn’s description of the “old crater- 
walls” of active volcanos in Java, some of which equal or surpass in 
dimensions even the Caldera of Palma. The latter may have con- 
sisted at first of a true crater, enlarged afterwards into a caldera by 
the partial destruction of a great cone ; but, if so, it has certainly 
l>een since modified by denudation. Nor can any geologist now de- 
fine how much of the work has been accomplished by aqueoUvS and 
how much by volcanic agency. The phenomenon of a river cutting 
its channel through a dense mass of ancient alluvium formed during 
oscillations in the level of the land is not confined to volcanic coun- 
tries, and I need not dwell hero on its interpretation, but refer to 
what was said in the seventh chapter. (See p. 84.) 

There remains, however, another question of high tbeoi'etical 
interest ; namely, whether the denudation was marine or fiuviatile. 
It was stated that the materials of the great cone or assemblage 
of cones in the north of Palma are of subaerial origin, as proved 
by the angularity of the fragments of rock in the agglomerates ; 
but it may be asked, whether, when the Caldera was formed long 
afterwards, it may not, like the crater of St. Paul’s (fig. 702. 
p. 636.), have had a communication with the sea, which may have 
entered by the great Barranco, and if, after a period of partial 
submergence, the island may not then have risen again to its ori- 
ginal altitude. In such a case the retiring waters might leave 
behind them a conglomerate, partly of river-pebbles, collected at the 
points where the torrent successively entered the sea, and partly of 
stones rounded by the waves. The torrent may have finally cut a 
deep ravine in the gravel and associated lavas when the land was 
rising again. Such oscillations of level, amounting to more than 
2000 feet, would not be deemed improbable by any geologists, pro- 
vided they enable us to explain more naturally than by imy other 
causation, the origin of the physical outlines of the country. As to 
the &ct that no marine shells have yet been discovert in the 
conglomerate, sufficient search has not yet been made for them to 
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entitle na to found an argument on sucb negative evidence. At the 
same time I confess that, having found sca«shella and hrjoaoa 
abuadantl/ in certain elevated marine conglomeratea in the Grand 
Canary, befcure I vUited Palma, and being unable to meet with any 
in the Barranco de las Angustiaa, I regarded the old gravel when I 
was on the spot as of duviatile origin. Such inferences ai*e always 
doubtful in the absence of more positive data, and ihe intervention 
of the sea might perhaps account for some phenomena in the 
configuration of the Caldera and Barranco more naturally than river 
action. For example, wo have the lofty cliff e, fig. 700. p. 63 1 . already 
mentioned, and c^/\ map, p. 621., extending four or five miles ft*om 
the Caldera to the sea on tlie right bank of the Barranco, and no 
cliff of corresponding height or structure on the other bank, where for 
miles towards the south-east there is the platlbrm F, fig. 7(X). p. 631., 
supporting several minor volcanic cones. The sea might be sup- 
posed to leave just such a cliff as k, after cutting away a portion of 
the south-western extremity of the old dome-shaped mountain in the 
north of Palma, whereas a torrent or river might be oxjwcted to 
leave a cliff of similar structure and nearly equal height on both. As 
to the fact of the old conglomerate ascending an inclined plane, 
h A A P* b24., from the sea-level to an elevation of alxjut 1500 
near the entrance of the Caldera, this is by no means conclusive in 
favour of fluviatile action, although some elevated patcdies of the 
same may in truth belong to an old river-bed ; but in South America 
gravel-beds of marine origin have a similar upward slope, when 
followed inland, and the cause of such an arrangement has been 
explained in a satisfactory manner by Mr. Darwin.* 

Another argument in favour of marine denudation may be derived 
from that peculiar feature in the configuration of Palma, before 
alluded to, called the pass of the Cumbrecito (c, fig. 6f/9. p. 624.), 
forming a notch in the ufjpermost line of precipices surrounding 
the Caldera. This break divides the mountain called Alcjenado, </, 
fig., p. 624., from the eastern wall, c f, and cuts quite through the 
upper formation ; yet the range of precipice, /, e, on the eastern side 
of the Caldera is continued uninterruptedly, and retains its full height 
of 1500 or 2000 feet above its base, to the southward of the Cum- 
brecito, or from e towards a, map, fig. 695., p. 621. In this prolon- 
gation of the cliff for half a mile southward, beds of volcanic matter 
and dikes are seen, as in the walls of the Caldera. 

The indentation forming the pass of the Cumbrecito, c, p. 624., has 
more the appearance of an old channel, such as a current of water 
may have excavated, than of a rent or a chasm caused by a fault. In 
case of a fault tbe lower formation would not be persistent and unin- 
terrupted across the Cumbrecito, constituting the watershed ; but 
would have sunk down and have been replaced by the upper basaltic 
rocks. If we could assume that the sea once entered ihe CaUcra 
here as well as by the great Barranco, it might have produced siich 


• Geolog. Obserr., South America, p. 43. 



634 AQUEOUS EE08IOK IN EALMA. [Ch. XXIX. 

ft breftch fts snd such fto extension of the Hoe of cliffs mb thftt now 
obsenrftble between e and a, map, p. 621., withoat anj corresponding 
cliff to the westward of e, a. 

Yet wo could discorer no elevated outliers of conglomerate to 
attest the supposed erosion at the Cumbrecito, which is about 3500 
feet aboTO the level of the sea. It might also be objected to the 
hypothesis of marine denudation in Palma, that there are no ranges 
of ancient sea-cliffs on the external slopes of the island. The flanks 
of the mountain, except where it is furrowed by ravines or broken 
by lateral cones, descend to the sea with a uniform inclination. In 
reply to such a remark, I may observe that we do not require the 
submergence of the uppermost 3000 feet of the old cone in order to 
allow the sea to enter both the great Barranco and the Cumbrecito 
niid to flow into the Caldera. It would be enough to suppose the land 
to sink down so as to permit the waves to wash the base of the basaltic 
cliffs in the interior of the Caldera, and to wear a passage through 
the Cumbrecito where there may have been always a considerable 
depression in the outline of the upper formation. But would not 
the same waves which had power to form in the Barranco a mass of 
conglomerate 800 feet thick have left memorials of their beach- 
action on the external slope of the island ? No such monuments are 
to bo seen, and their absence raises an objection of no small weight 
against the supposition of the sea having ever entered the Caldera. 
It may, however, be said, in explanation, — first, that cliffs are not 
so easily cut on the side of an island towards which the beds dip 
as on the side from which they dip ; secondly, if some small cliffs 
and sea-beaches had existed, they may have been subsequently 
buried under showers of ashes and currents of lava proceeding 
from lateral cones during eruptions of the same date as those wdiich 
were certainly contemporaneous with the conglomerate of the great 
Barranco. 

On the eastern coast of Palma, about half a mile from the sea, 
in the ravine of Las Nieves, not far from Santa Cruz, we observed 
a conglomerate of well-rounded pebbles having a thickness of 100 
feet, covered by successive beds of lava, also about 100 feet thick. 
In this instance the ancient gravel beds occupy a position very 
analogous to the buried cone, 8, p, fig. 698. p. 623. When in Palma, 
I conceived them to be of fluviatile origin ; but, whether marine or 
freshwater, it must be admitted that the superposition of so dense 
an accumulation of lavas to a mass of conglomerate 100 feet thick 
shows how easily the outer slopes of the island may have been 
denuded by the sea and yet display no superficial signs of marine 
denudation, every old beach or delta once at the mouth of a torrent 
being concealed under newer volcanic outpourings. At the same 
time I should state that M. Hartung and I, when in Palma, came 
to the conclusion that the waves of the sea had never reached the 
Caldera, although they may have penetrated for some distance into 
the Barranco de las Angustias, and may have overflowed the space 
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now oTerspresd hj eertaiii strata of cooglomerate to the east of 
the Barraoco. 

Since the cessation of Tolcanic action in the north of Palma, the 
most frequent eruptions appear to have taken place in a line running 
north and south, from a to Fuencaliente, map, p. 621.; one of the 
volcanos in this range, called Yerigojo, being no less than 656^ 
English feet high. The lavas descending from several vents in this 
chain reach the sea both on the cast and west coast, and are many 
of them nearly as naked and baraui of vegetation as tyhen they first 
flowed, Tl»e tendency in volcanic vents to assume a linear ar- 
rangement^ as seen iu the volcanos of the Andes and Java on a 
grand scale, is exemplified by the cones and craU‘rs of this small 
range in Palma. It has been conjectured that sucli linearity in the 
direction of superficial outbreaks is connected with deep fissures in 
the earth 8 crust communicating with a subjacent focus of subier* 

Dy oiscussing at so much length the question whether tbe sea 
may or may not Lave played an important part in enlarging the 
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Map of tbe Ulood of St. Paul, |n the Indian Ocean, lat. 3^ 44' S.. long. 77® »7' E 
* -y Capt. -1 8 


Caldera of Palma, I have been desirous at least to show how many 
facts and obsen'ations are required to explain the structure and 
4Kmfiguration of such volcanic islands. It may be useful to cite, in 
illustration of the same subject, the present geographical condition 
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of St PaaFs or Amsterdam Iftlaod, in the Indian Ocean, midway 
between the Cape of Good Hope and Australia. 

In this case the crater is only a mile in diameter, and 180 feet 
deep, and the surrounding cHSTs were loftiest about 800 feet high, 
80 that in regard to size such a cone and crater are insigniScant 
when compared to the cone and Caldera of Palma or to such Tolcanic 
domes as Mounts Loa and Kea in the Sandwich Islands. But the 
Island of St Paul exemplifies a class of insular volcanos into which 
the ocean now enters by a single passage. Every crater must 
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View of the Crater of th« liUnd of St Tiiu). 


Fig. 703. 



Side view of the liUind of St. P^ul (N E. side). Nine^pin Rocks two miles distant. 
(Captain Blackwood.) 


almost invariably have one side much lower than all the others, 
namely, that side towards which the prevailing winds never blow, 
and to which, therefore, showers of dust and scoriaj are rarely 
carried during eruptions. There will also be one point on this 
windward or lowest side more depressed than all the rest, by which, 
in the event of a partial submergence, the sea may enter as often as 
the tide rises, or as often as the wind blows from that quarter. For 
the same reason that the sea continues to keep open a single 
entrance into the lagoon of an atoll or annular cor^ ree^ it will not 
allow this passage into the crater to be stopped up, but will scour it 
out at low tide, or 'as often as the wind changes. The channel, 
therefore, will always be deepened in proportion as the island rises 
above the level of the sea, at the rate perhaps of a few feet or yards 
in a century. 

The crater of Vesuvius in 1822 was 2000 feet deep ; and, if it 
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were s tialf-mibinerged cone like St. Pauly the exeaTating power of 
the ocean might, in conjunction with a graduHl upheaving force, give 
rifle to a large caldera. Whatever, therefore, may have been the 
nature of the force», igneoofl or aqueoua, which have shaped out the 
Val del Bove on Etna, or the deep abyss called the Caldera in the 
north of Palma, we may well conceive that some craters may have 
been enlarged into calderas by the denuding jmwer of the ocean, 
whenever considerable oscillations in the relative level of land and 
sea have occurred. 

Peak of Teneriffe . — The accompanying view of the Peak, taken 
from skctclies made by M, Hartung and myself during our visit to 
Teneritfo in 1854, will 8h<»w the manner in which that lofty cone is 
encircled on more than two sides by what I consider as the ruins of 
an older cone, chiefly formed by eruptions from a summit which has 
disappeared. That ancient culminating point from which one or 
more craters probably poured forth their lavas and ejectaroenia may 
not have been placed precisely where the pn*8ent peak now rises, 
and may not have had the same form, but its position was probably 
not materially different. The great wall or semicircular range of 
precipices, c, c, surrounding the atrium, by is obviously analogous 
to the walls of a Caldera like that of Palma ; but here the cliffs are 
insignifleant in dimensions when compared to those in Palma, being 
in general no more than 500 feet high and rarely exceeding 1000 
foot. The plain or atrium, i, b, figs. 704. and 705., lying at the base 
of the cliffs, is here called I^as Canadas, and is covered with sand and 
pumice thrown out from the Peak or from craters on its flanks. 
Copious streams of lava, d d, have also flowed down from lateral 
opemings, especially from a crater called the Chahorra, f fig. 705., 
which is not seen in the view, fig. 704., as it is hidden by the Peak. 
The last eruption was as late as the year 1798. 

Flf. ro6. 
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Section tiirough part of Teneriffe, from N.K. t > S.W. On a true scale ; m gWen iu 
Von Doch’fc ** Canary hlandi.** 

a. Peak of Tenerlffe. rf. modem liras. 

b. the Cauadat or airitim. /. cone and crater of Chahorra. 

c. cUflT bounding the atrium. 

To what extent tlie lavas, d c?, figs. 704. and 705., may have nar- 
rowed the circus or atrium, 5, or taken away from the height of 
the cliff, r, no geologist can determine for want of sections ; but 
should the Peak and the Chahorra continue to be active volcanos for 
ages, the new cone, a, might become united with the old one, and the 
lava might flow first from e to c, and then from a to e, fig. 705., so 
that the jslope might begin to resemble that formed by lavas and 
ejectamenta from the summit a to Guia, on the south-western side 
of the cone. 
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mu . — ^Every Tolcaoio isliind, so far u I have examined them, 
varies from evi^y other ooe in the details of iu geographical and 
geological structure so greatly that I have no expectation of finding 
any simple hypothesis like that of elevation craters,^ applicable to 
all, or capable of explaining their origin and mode of growth. Few 
islands for example resemble each other more than Madeira and 
Palms inasmuch as both consist mainly of basaltic rocks of sub- 
aerial origin, buS when we compare them closely together, there is 
no end to the points in which they differ. 

The oldest formation known in Madeira is of submarine volcanic 
origin, and referable to the Upper Miocene tertiary epoch, as will l>e 
explained in Chap. XXXI., p. 607. To this formation belong the 
tuffs and limestones containing marine shells and corals which occur 
at S. Vicente on the northern coast, where they rise to the height 
of more than 1300 feet above the sea. They bear testimony to an 
upheaval to that amount, at least, since the cominencemeut of volcanic 
action in those parts. 

The pebbles in these marine beds are well rounded and polished, 
strongly contrasting in that respect W'ith the angular fragments of 
similar varieties of volcanic rocks so fri*quent in the su|>erim]>osed 
tuffs and agglomerates formed above the level of the sea. 

The length of Madeira from east to west is alKJUt 30 miles, its 
greatest breadth from north to south being 12 miles. The annexed 
section, fig. 705., drawn up on a true scale of heights and horizontal 
distances from the observations of M. Ilartung and myself, will 
enable the reader to comprehend some of the points in which, 
geologically considered, Madeira resembles or varies from Palma, 
lu the central region, at a, as well as iu the adjoining region on 
each side of it, are seen, as in the centre of Palma, a great number 
of dikes penetrating through a vast accumulation of ejeciainenta, c. 
Here also, as in Palma, wo observe as we recede from the centre, 
that the dikes decrease in number, and beds of scorias, lap i Hi, 
agglomerate, and tuff begin to alternate with stony lavas, d <f, until 
at the distance of a mile or more from the central axis the volcanic 
mass, below f h and e consists almost exclusively of streams or 
sheets of basalt, with many red partings of laterito or red ochreous 
clay. These red bauds vary in thickness from a few inches to two 
or three feet, and consist sometimes of layers of tuff, sometimes of 
ancient soils derived from decomposed lava, both of them burnt to a 
brick -red colour, and altered by the contact of melte<l matter which 
has flowed over them. Some of these bands are represenUMi in fig. 
706. by interrupted lines, — . The darker divisions with vertical 
cross-bars HHH indicate lavas which originally flowed on the sur- 
face. Had there been room, many more alternations of such lavas 
would have been introduced. They consist chiefly of basalts more 
or less vesicular, and in some places of trachyte. The lighter tint, 
c, expresses an accumulation of scori®, agglomerate, and other ma- 
terials, such as may have been piled up in the open air, in or around 
the chief orifices of eruption, and between volcanic cones. This 
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dder tboogli reproieoted bj an tmiform tint, is hy no 

means an amorphous mass^ but is separated into innumerable lajers 
wbteh dip towards all points of the compass, so that their mode of 
arrangement could not be expressed in a small diagram. 

The Pico Torres, a, more than 6000 feet high, is one of manj 
central peaks, composed of ejected materialt. By the union of the 
foundations of many similar peaks, ridges or mountain crests are 
formed, from which the tops of vertical dikes project like turrets 
above the weathered surface of the softer beds of tuff and scoriae, 
lienee the broken and picturesque outline, giving a singular and 
romantic character to the scenery of the highest part of Madeira. 
North of A is seen Pico Ruivo (b), the most elevated peak in the 
island, yet exceeding by a few feet only the height of Pico Torres. 
It is similar in composition, but its uppermost part, 300 feet high, 
retains a more perfectly conical form, and has a dike of basalt with 
olivene at its summit, with streams of scoriaceous lava adhering 
to its steep flanks. There are a great many such peaks east and 
west of A, which seem to be the ruins of cones of eruption, the 
materials of some at least having been arranged with a qua-qua- 
versal dip. Among these is Pico Grande, c, fig. 708., now half- 
buried under more modern lavas which have flowed round it. 

It will be seen that the beds of lava in the central region between 
e and / (fig. 70G. p. 641.) are nearly horizontal, or have a dip of no 
more than from three to five degrees, whereas the angle of slope of 
the beds between / and h is often seventeen degrees on the southern 
flank, and usually os much as ten on the northern, or between e and 
g. The inoderntc inclination of the lavas between B, A, and R has 
l)een caused by the juxta-position of a multitude of cones which 
have prevented the streams of melted matter from flowing freely 
from the main axis or lava-shed towards the sea, whether in a north 
or south direction. The marked prolongation of this gentle slope 
on both sides of R, and from R tof, may be attributed to the fact 
that below / tliere is a very ancient ridge of erupted materials, c, 
which has formed a barrier intercepting the free passage of the 
central lavas to the sea. Between this secondary buried chain 
above cor below/, and the higher central chain of scoria below A, 
the valley or cavity, d s, was filled up with horizontal beds of lava, 
over which an enormous mass of other sheets of basalt and deposits 
of tuff, from d to K and from R to /, were afterwards accumulated, 
until at last an aggregate thickness of 3500 feet of stratified 
materials was formed. Sections of this vast accumulation are ex- 
posed to view in nearly vertical precipices in the deep valley called 
the Curral. But when the lavas had surmounted the ancient ridge 
below/, and were no more obstructed in their seaward course, they 
flowed with a steep inclination, often at an angle of 17 degrees 
towards the south. Nearer the sea, as at i and L on both sides of 
the island, where the most modem lavas occur, the dip diminishes to 
5 degrees, and even to 3^, as at k, near Funchal. In this latter 
characteristic (the smaller inclination of the lavas near the $6% and 
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theh* asgociation there with modern cones of eruption, such as 
M, w, o,). there is a strict analogy between Madeira and Palma. 
Distinct buried cones of eruption also occur at many points, as at 
p and 9 , fig. 706., which have been overwhelmed by lavas flowing 
from the central region. 

As a general rule, the lavas of Madeira, whether vesicular or com- 
pact, do not constitute continuous sheets parallel to each other. 
When viewed in the sea-clifls in sections transverse to the direction 
in which they flowed, they vary greatly in thickness, even if 
followed for a few hundred feet or yards, and they usually thin out 
entirely in less than a quarter of a mile. In the ravines which 
radiate from the centre of the island, the beds are more persistent, 
but even here they usually are seen to terminate, if followed for a 
few miles ; their thickness also being very variable, and sometimes 
increasing suddenly from a few feet to many yards. 

We saw no remains of fossil plants in any of the red partings or 
laterites above alluded to; but Mr. Smith, of Jordanhill, was more 
fortunate in 1840, having met with the carbonized branches and 
roots of shrubs in some red clays under basalt near Funchal. Never- 
theless, M. Hartung and I obtained satisfactory evidence in the 
northern part of the island, in the ravine of S. Jorge, of the former 
existence of terrestrial vegetation, and consequently of the subaerial 
origin of a large portion of the lavas of Madeira. At q in the section 
(fig. 706.) the occurrence of a bed of impure lignite, covered by basalt, 
had long been known. Associated with it, we observed several layers 
of tuff and clay or hardened mud, in one of which leaves of dicoty- 
ledonous plants and of fems abound. Sir Charles J. F. Bunbury, 
who wiis with me in Madeira during the winter of 1853-4, at once 
pronounced one of th^ fossil ferns to agree in its peculiar vernation 
with Woodwardia radicans, a species now common in Madeira; 
and he afterwards discovered the common Madeira fern, Davallia 
Canariensis, and a Nephrodium, and other ferns among the fossil 
remains. He also pointed out that, among the dicotyledonous leaves, 
some were of the myrtle family, the larger proportion having their 
surfaces smooth and uuwrinkled, with a somewhat rigid and cori- 
aceous texture, and with undivided or entire margins. “ These 
ciiaracters,” observed Sir C. Bunbury, “ belong to the laurel-type, 
and indicate a certain analogy between the ancient 'Vegetable re- 
mains and the modern forests of Madeira, in which laurels and 
:other evergreens abound, with glossy coriaceous and entire-edge<l 
leaves, while below them there is an undergrowth of ferns and 
various other plants.^ * 

Professor Heer, of Zurich, has since published (1855) an account 
iof some additional fossils collected by M. Hartung from the tuflT of 
iSan Jorge, enumerating twenty-seven forms, referable to ferns and 
.^henogamous plants, most of them agreeing with species now 
inhabiting Madeira, such as Pteris aquUina^ Trichomanei radieans^ 

* Btiabury, Quart. Gcol. Joum., 1854, vol. x. p. SH. 
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and leaves like those of OsmufiAt regM»/a (?), no longer foand in 
the island. Among the dicotyledonous plants the Professor descriWs 
M^rica Fajfa^ Ortodaphne Erica arbarta^ also a few 

genera, such as Cor^lm and now foreign to Madeira The 

botanical determinations loth of Prof. Hear and Sir C. Bunbury 
would lead ns to refer the leaf-bed to a period as modern lU the 
Newer Pliocene, if not the Post-pliocene.* 

The lignite above mentioned and the leaf-bed occur at the heiglit 
of 1000 feet above the level of the sea, and aw? overlaid by super- 
imposed basalts and scori®, 1100 feet thick, implying the existence 
of an ancient terrestrial vegetation long before a large part of 
Madeira had Ix^en built up. The nature of the luffs accompanying 
the lignite, together with some agglomerates in the vicinity, eiititlcH 
us to presume that nesr this spot a series of eruptions once broke 
out. Nor is it iraprol)able that there may have been here the crater 
of some lateral cone in which the lignite and leaf-bed accumiilatiHl ; 
for, although craters are remarkably rare in Madeira, when we 
consider how great is the number of cones of eruptioTi, yet on tbe 
mountain called Lagoa, 2^ miles west of Macbico, u crater as jKTfect 
as that of Astroni near Naples may be seen. 

At tbe bottom of this circular cavity (6g. 707.), which is alsuit 
150 feet deep, is a plain alKiut 500 feet in diameter, having a pond 
in the middle, towards which the plain slopt's gently from all sides. 
Such ponds arc often se<?n in the interior of extinct craters. Except 
in the middle it is shallow, and supports aquatic plants. Many 
leaves must also be blown into it from the surrounding Iieigbis 
when high winds prevail, so that a mass of peaty matter convertible 
into lignite may collect licre. 


Fig 7<7. 



Crjuer of miln wMt of Mochico, MMleiri. 


In tbii cat^ taken from a sketch of mr own. tbe depth of the crater may appear 
too great, unless it is borne in mind that there are no trees visible, and moat of tbe 
bushes arc of the Madeira whortle-bcrry ( Vaccinium JHadtirgnte), five or aia feet 
high. Immediately behind the foreground an artificial mound is seen thrown up 
us a fence. 


* Beer, Schweiz. Gesellscba/t fur Naturwissenschafien, Band XV. 
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Ha4 stresms of lava descending from greater heights entered this 
Lagoa crater, they would have formed dense masses of compact rock 
cooling slowly under great pressure, like those now incumbent on 
the impure lignite of S. Jorge. The dip of the latter cannot be 
clearly determined, since it is exposed to view for too short a dis- 
tance ; and the same may be said of the leaf-bed, part of which may 
be traced lower down the ravine. It seems, however, to dip to the 
north or towards the sea conformably with the general inclination 
of the basaltic and tufaceoos strata. 

A deep valley, called the Curral (b, hg. 708.), surrounded by 
precipices from 15(X) to 2500 feet high, and by peaks of still greater 
elevation, occurs in the middle of Madeira. It has been compared 
by some to a crater or caldera, for its upper portion is situated in 
the region where dikes and ejectamenta alwund. The Curral, how- 
ever, extends, without diminishing in depth, to below the region of 
nutnenms dikes, and it lays open to view all the beds r, #, fig. 706. 
Nor do the volcanic masses dip away in all directions from the Curral, 
as from a central point, or from the hollow axis of a cone. The 
Curral is in fact one only of three great valleys which radiate from 
the most mountainous district, a second depression, called the Serra 
d'Agoa (d, fig, 708.), Ijeing almost as deep. This cavity is also 
drained by a river flowing to the south ; while a third valley, nnmelv, 
that of the Janella, sends its waters to the north. The section alliid(‘d 
to (fig. 708.), passing through part of the axis of the island in an east 
and west direction, shows how the Curral and Serra d’Agoa, Hand i), 


W Fig. 7< S. East 



.Hi*ctlon thrimgh rtie Central region of Matietra, from East to We*t. 

A. Fart of the platform, called the Faul da Serra. B. Curral ; a r«illev, 3000 feet deep. 
C. Pito Grande. D. The vallej* of the Serra d'Agoa. 


ai'C separated by a narrow and lofty ridge, c, part of which is 
surmounted by the Pico Grande, before mentioned, nearly 5400 feet 
high. There is no essential difference between the shape of these 
three great valleys and many of those in the Alps and Pyrenees; 
where the valley-making process can have had no connection with 
any superficial volcanic action. 

In the Alps, no doubt, as in other lofty chains, the formation of 
valleys has been greatly aided by subterranean movements, both 
gradual and violent, and by the dislocation of rocks. The same may 
be time of Madeira and of almost every lofty volcanic region ; but, 
when we reflect that the central heights a and b, flg. 706., are more 
than 6000 feet above the sea, and that the waters flowing from them, 
swollen by melted snows, reach the sea by a course of not much 
more than 6 miles in the case of those draining the Curral, and by 
n^ly as short a route in the Serra d’Agoa, we shall be prepared 
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for tUmooi anj amount of denudmUon effected simply by subaeriai 
erosion. 

Tbe general absence of water- worn pebbles in the tuffs underlying 
the Madeira lavas is very striking, and contrasts with the froKjuent 
occurrence of gravel-beds under so many of the Auvergne lavas, h 
simply proves that Madeira, like the volcanic mountains of Java, or 
like Mount Etna or Mona Loa in the Sandwich Islands, could not, 
so long as eruptions were frequent, and while the porous lavas 
absorbed all the rain-water, support a single torrent on its sloj»es.* 
The period, therefore, of duviatile erosion must have been almost 
entirely subsequent in date to the formation of the central nucleus 
of ejectamenta, c, lig., p. 041., and of the lavas ibid. When we 
infer that these were of supramarine origin as far down as the 
line />, s, ty and perhaps lower, it follows that a lofty island, 4000 
feet or more in height, must have resulted, even if no upheaval had 
ever occurred. 

The movements w'hich upraised the marine deposits of San Vircmtc 
may or may not have extended over a wide area. How far, when 
they occurred, they rnoditied the form of the island, or adde<l to its 
height, is a fair subject of s|K*culation ; and whether the »U?ep dip 
of the lavas seen in the ravines intersecting the slopes of the moun- 
tain, f A, and e g (fig, 70(5., p. 641.), may l>e ascribahle in part U> 
such movements. The lavas of more inmiem date, near Funchal, 
may be imagined to remain comparatively liorizontul, Ixjcausc they 
liave escaped the influence of disturbing forces to which the older 
nucleus was exposed. Without discussing this point (so fully treated 
of in referenee to Palma), I may observe that unquestionably dif- 
ferent parts of Madeira have been formed in succession. Near 
Porto da Cruz, for example, on the northern coast, trachytes of a 
grey and yellow, and tracliytic tuffs almost of a white colour, in 
slightly inclined or almost horizontal lx‘ds, have partially filled up 
de(?p valleys previously excavated through the older and inclined 
basaltic rocks (dipping at an angle of UP to the north), under which 
the leaf-bed and lignite before mentioned, fig. 706., p. 641., lie 
buried. During the convulsions which accompanied the outpouring 
of every newer series of lavas tbe older rocks may have l>een more 
or less disturbed and tilted, without destroying the general form of 
the old dome-shaped mountain supposed by us to have Inxm the 
rej^ult of rej>eated eruptions from the central vents. 

The locality just referred to of Porto da Cruz excmplrflei' not 
only the long intervals of time which separated the outflowing of 
distinct sets of lavas, but also the precedence of the basaltic to 
the tracliytic outpourings. So also on the soutliern slope of Madeira, 
we observed between the Jardim and Pico liodes, situated in a 
direct line about 6 miles north-west of Funchal, a well-marked 
series of tracbytic rocks of considerable thickness occupying the 


* Sec remarks on Kina, LycH’s Principles of Oe<^logy, chap. xxv. (Vth sd., 
p. 405.). 
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highest geological position. They consist of white and grey tra* 
chyles, occuning at {Kiints varying from 2500 to 3500 feet above 
the sea. Their position may be understood by supposing them to 
constitute the uppermost beds represented at h in the section 
(tig, 706. p. 641.), and on the slope al>ove h. The doctrine, there- 
fore, that in each series of volcanic eruptions the tracbytic lavas 
flow out first, and after them the basaltic (see p. 650.), is by in> 
means borne out in Madeira, although some of the newest currents, 
like those at the foot of the cones m, x, o (fig. 706.), are basaltic. 

Several of the latest and most powerful streams of lava which 
have issued from the central axis of Madeira are composed of a 
ft'bpathic rock of a mixed character, on the whole nmre trachytic 
tlmn basaltic. It divides into spheroidal masses, often several feet 
in diameter, which are very conspicuous when the contained iron has 
i>ecome more highly oxidated. M. Delesse, who had the kindness 
to analyze for me several of our specimens, found certain varieties 
of this rock to be without augite, and simply a mixture of blacki.^h 
green felspar with olivine. These would, according to him, be 
classed by most of the French geologists under the general designa- 
tion of basalt. Whatever name we assign to this product it indi- 
cates a change in the mineral nature of the materials last emitted 
from the central axis. W'here the island is narrow this spheroidal 
trap often reaches the sea, but in the broadest and loftiest part of 
Madeira it forms a superficial envelope, which extends for a certain 
distarme only from the central height.s, as, for example, to near o 
(fig, 7()(). p. 641.). Hence, near Funchal, we must ascend to a height 
of IKK) or 1200 feet before we meet with this felspathic formation, 
the lower grounds along the coast being occupied by true basalts, 
which never exhibit a spheroidal structure. 

Among other contrasts of character in the superficial volcanic 
formations of Madeira, I may remark that many of the central 
jH*aks, such as a, fig. 706., seem to be the mere skeletons of cones 
of eruption, whereas other cones of like origin, such as M, x, o, met 
with at lower levels and nearer the sen, are more regular, and have 


Fig. TO*?. 



Surf*u« of lavM near Port Mooii, K VC. point of Madelia ; from « drawtug by M. Hartung. 
«. chanoel trar«r«ing the Uva. 


no protruding dikes on their summits or flanks. This difference in 
form may imply that the more degraded hills are of higher anti- 
quity i but it may quite as often arise from the circumstance that 
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i^uch aceumulatioii* of loose ejected materitls^ have been exposed 
from the fir^st to greater waste in regions where the snows melt 
suddenlj, and where the winds are most violent. A dense covering 
of turf and shrubs, the most effective of all preservatives against 
pluvial degradation, cannot readily be formed in suck mountainous 
and stormy regions. 

Some few lavas in Madeira have a singularly recent aspect as 
compared to others which are covered with a considerable depth of 
vegetable soil. I allude particularly to the lava currents near Port 
Moniz, one of which is as rough aud bristling as are some stream!^ 
before alluded to in Palma (p. 635.) of historical date. I am in- 
debted to M. Ilartuiig for the annexed diawing of lava at Port 
Moniz, which I did not visit myself. It is traversed by a channel, 
rt, like one of those already descrilad, p. 630. Ft>r how long a |Hjrio<l 
such characters may be retained is uncertain, so much does this 
depend on the mineral composition of the rock. Some of the lavas 
of Auvergne, of prehistorical date and certainly of high antii^uity, 
are almost as rugged ; so that this freshness of aspect is only a 
probable indication of a relatively modern origin. 
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CHAPTER XXX. 

ox THE DIFFERENT AGES OF THE VOLCANIC BOCKS. 

Tests of relative at^ of volcanic rocks — Tests by superposition and intrusion — 
Tr»t by alteration of rocks in contact- Test by organic remains — Test of age 
by mineral cbaraetcr — Test by includedfragmems — Volcanic rocks of the Post- 
riiocene period — Basalt of the Bay of Trczxa in Sicily — Post* Pliocene volcanic 
rcK:k8 near Naples— Dikes of Sonima. 

Having referred the sedimentary strata to a long succession of 
geological periods, we have now to consider how far the volcanic 
formations can l>e classed in a similar chronological order. The 
tests of relative age in this class of rocks are four : — 1st, super- 
])o?ition and intrusion, with or tvithout alteration of the rocks in 
contact ; 2nd, organic remains ; 3rd, mineral characters ; 4th, in- 
cluded fragments of older rocks. 

Testjt hif' iuperpositiony Sfc * — If a volcanic rock rest upon an 
aqueous deposit, the former must be the newest of the two ; but the 
like rule does not hold good where the aqueous formation rests 
upon the volcanic, for melted matter, rising from below^ may pene- 
trate a sedimentary mass without reaching the surface, or may be 
forced in conformably between two strata, as ^ at i> in the annexed 
ligure (fig. 710.), after which it may cool down and consolidate. 


FIf. 710. 



Superposition, therefore, is not of the same value as a test of age in 
the unstratified volcanic rocks as in fossiiiferous formations. We 
can only rely implicitly on this test where the volcanic rocks are 
contemporaneous, not where they are intrusive. Now, they are said 
to be contemporaneous if produced by volcanic action which was 
going on simultaneously with the deposition of the strata with which 
they are associated. Thus in the section at d (fig. 710.), we may 
perimps ascertain that the trap b flowed over the fossiiiferous bed c, 
and that, after its consolidation, a was deposited upon it, a and c 
both belonging to the same geological period. But if the stratum 
a be altered by b at the point of contact, we must then con- 
itlude the trap to have been intrusive, or if, in pursuing b for some 
distance, we find at length that it cuts through the stratum a, and 
then overlies it as at £• 
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We may, howeTer, be ea&ily deceived in stippoeing Uie volcanic 
rock to be introsive, when in reality it U contomporaneons ; for a 
sheet of lava, as it spreads over the bottom of tlie sea, cannot rest 
everywhere upon the same stratum, either because these have been 
denuded, or bwause, if newly thrown down, they tliin out in certain 
places, thus allowing the lava to cross their edges. Besides the 
heavy igneous 6uid will often, as it moves along, cut a channel into 
beds of soft mud and sand. Suppose the 
submarine lava f (tig. 711.) to have 
come in contact in this manner with 
the strata, a, c, and that after its 
consolidation the strata (f, e, are thrown 
down in a nearly horizontal position, 
yet so as to lie unconformubly to f, the 
appearance of subsequent intrusion will 
here be complete, although the trap is in fact con tern |>oraneous. 
We must not, therefore, hastily infer that the rcH?k v is intrusive, 
uuless we find the strata d, e, or c, to have l>een altered at their 
junction, as if by heat. 

The test of age by superposition is strictly applicable to all stra- 
tified volcanic tuffs, according to the rules already explained in the 
case of other sedimentary deposits (see p. 97.). 

Test of age by organic remains . — We have seim bow, in the 
vicinity of active volcanos, scorim, pumice, fine sand, and fragments 
of rock are thrown up into the air, and then showered down upon tlui 
land, or into neighbouring lakes or seas. In the tuffs so formed 
shells, corals, or any other durable organic bodies which may ha[>f>en 
to be strewed over the bottom of a lake or sea will be errilmilded, and 
thus continue as permanent memorials of the geological |»eriod wlH.*n 
the volcanic eruption occurred. Tufaceous strata thus formed in the 
neighbourhood of Vesuvius, Etna, Stromboli, and other volcanos now 
active in islands or near the sea, may give information of the relative 
age of these tuffs at some remote future |>eriQd when the fires of these 
mountains are extinguished. By evidence ef this kind we can es- 
tablish a coincidence in age between volcanic rocks and the dif- 
ferent primary, secondary, and tertiary fossiliferous strata. 

The tuffs alluded to may not always be marine, but may include, 
in some places, freshwater shells ; in others, the Imncs of terrestrial 
quadrupeds. The diversity of organic remains in formations of this 
nature is perfectly intelligible, if we reflect on the wide dispersion c»f 
ejected matter during late eruptions, such as that of the volcano of 
Coseguioa, in the province of Nicaragua, January 19, 18J5. Hot 
cinders and fine scorise were than cast up to a vast height, and 
covered the ground as they fell to the depth of more than 10 feet 
and for a distance of 8 leagues from the crater in a southerly direc- 
tion. Birds, cattle, and wild animals were scorched to death in 
great numbers, and buried in ashes. Some volcanic dual fell at 
Chiapa, upwarda of 1200 milea, not to leeward of the volcano as 
might have been anticipated, but to windward, a striking prbof of 
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a cotmter-current in the upper region of the atmosphere ; and some 
on Jamaica, about 700 miles distant to the north-east. In the sea, 
also, at the distance of 1100 miles from the point of eruption, Cap- 
tain Eden of the ** Conway sailed 40 miles through doatiug pumice, 
among which were some pieces of considerable site.* 

Te$t of utje by mineral composition .-- sediment of homo- 
geneous composition, when discharged from the mouth of a large 
l iver, is often deposited simultaneously over a wide space, so a par- 
ticular kind of lava flowing from a crater during one eruption, rosy 
spread over an extensive area ; as in Iceland in 1783, when tlie 
melted matter, pouring from Skaptar Jokul, flowed in streams in 
op[)osite directions, and caused a continuous mass the extreme points 
of which were 90 miles distant from each other. This enormous 
current of lava varied in thickness from 100 feet to 6(X) feet, and in 
lueadth from that of a narrow river gorge to 15 miles,| Now, if 
such a mass should afterwards be divided into separate fragments by 
denudation, we might still {>erhaps identify the detached portions by 
their similarity in mineral composition. Nevertheless, this test w'ill 
not always avail the geologist ; for, although there is usually a pre- 
vailing character in lava emitted during the same eruption, and even 
in the successive currents flowing from the same volcano, still, in 
many cases, the dift'ereiit parts oven of one lava-stream, or, as before 
stated, of one continuous mass of trap, vary much iu miueral com- 
position and texture. 

In Auvergne, the Eifel, and other countries where trachyte and 
basalt are both present, the trachytic rocks are for the most part 
older than the basaltic. These rocks do, indeed, sometimes alternate 
}>artially, as in the volcano of Mont Dor, iu Auvergne; and we have 
seen that in Madeira trachytic rocks may overlie an older basaltic se- 
ries (p. (546.) ; but the great mass of trachyte occupies more generally 
])erhaps an inferior position, and is cut through and overflowed by 
basalt. It can by no means be inferred that trachyte predominated at 
one period of the earth^s history and basalt at another, for we know 
that trachytic lavas have been formed at many successive periods, 
and are still emitted from many active craters ; but it seems that in 
each region, where a long series of eruptions have occurred, the more 
felspathic lavas have been first emitted, and the escape of the more 
augitic kinds has followed. The hypothesis suggested by Mr. Scroj>e 
may, perhaps, afford a solution of this problem. The minerals, he 
observes, which abound in basalt are of greater specific gravity than 
those composing the felspathic lavas ; thus, for example, hornblende, 
augite, and olivine are each more than three times the weight of 
water ; whereas common felspar, albite, and Labrador felspar have 
each scarcely more than 2^ times the specific gravity of water ; and 
the difference is increased in consequence of there being much more 
iron in a metallic state in basalt and greenstone Uian in trachyte and 
other felspathic lavas and trap rocks. If, therefore, a large quantity 

^ ♦ Oldcleagh. Phil Trans.. 1836, p. 27. 

t See Principles, /adex, ** Skaptar JokuU** i 
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of rock be molted up in the boweU of iho earth by Toloanio heat, the 
denser ingredients of the boiling 6uid may sink to the bottom, and 
the lighter remaining above would in that case be first propelled up- 
wards to the surface by the ox^iansivo jmwer of gases. Those ma- 
terials, therefore, which occupy the lowest place in the subterranean 
reservoir will always be emitted last, and take the up{>ermost place 
on tlie exterior of the earth’s crust. 

Test by included fragments , — We may sometimes discover the 
relative age of two trap rocks, or of an aqueous de|K>Hit and the trap 
on which it rests, by finding fragments of one included in the other 
in cases such as those before alluded to, where the evidetiee of sufan - 
positioQ alone would l>e insufiicient It is also not uncommon to 
find a conglomerate almost exclusively coinj) 08 ed of rolled pebl»le»or 
trap, associated with some fossiliferous stratified formation in the 
neighbourhood of massive trap. If tJie pebbles agree generally in 
mineral character with the latter, Ave are then enabled to determine 
its relative age by knowing that of the fossiliferous strata associated 
with the conglomerate. The origin of such conglunierates is ex- 
plained by observing the shingle beaches composed of trap pebbles 
in modern volcanic islands, or at the base of Etna. 

Newer Tertiary Pliocene periods , — 1 shall now select examples of 
contemporaneous volcanic rocks of successive geological periods, to 
show that igneous causes have been in activity in all past ages of 
the world, and that they have been ever slufting tbe places where 
they have broken out at the earth’s surface. 

One portion of the lavas, tuffs, and trap-dikes of Etna, Vesuvius, 
and tlte island of Ischia has been produced within the liiotorical 
era ; another and a far more considerable part originated at times 
immediately antecedent, when the waters of the Med iter ran eau were 
already inhabited by tlie existing testacea, but when certain species 
of elephant, rhinoceros, and other quadrupeds now extinct, inhabited 
Euro[»e. A third and more ancient portion again of these volcanos 
oiigiuated at the close of the Newer Pliocene period, when less 
than ten, sometimes only one, in a hundred of the shells differed 
from those now living (see p. 189.), 

It has already been stated that in the case of Etna, Post-pliocene 
formations occur in the neighbourhood of Catania, while tiie oldest 
lavas of the great volcano are Pliocene. These are seen associated 
with sedimenUry deposits at Trezza and other places on the southern 
and eastern flanks of the great cone (see above, p# 189.). 

The Cyclopian Islands, called by the Sicilians Dei Faraglioni, in 
the sea-cliffs of which these l>eds of clay, tuff, and associated lava 
are laid open to view, are situated in the liay of Trezza, and may bfi 
regarded as the extremity of a promontory severed from the main 
land. Here numerous proofs are seen of submarine eruptions, by 
which the argillaceous and sandy strata were invaded and cut 
through, and tufaceoiis breccias formed. Enclosed in these breccias 
are many angular and hardened fragments of laminated clay in dif- 
ferent states of alteration by heat, and intermixed with volcanic sands. 

The loftiest of tbe Cyclopian islets, or rather rocks, is about 200 



«52 


VOLCANIC ROCKS OF 


[Cb. XXX. 


feet in height^ the summit being formed of a mass of stratified clay, 
the lamine of which are occasionally subdivided by thin arenaceous 
layers. These strata dip to the N. W., and rest on a mass of columnar 
lava (see fig. 712 .) in which the tops^of the pillars are weathered, 


Fi|r. 71 *. 



V^iew of ihe Iile of C'yctopi in th.* Bay of Trciia • 


and 80 rounded n8 to be often hemispherical. In gome places in the 
a<ljoining and hirj^est islet of the group, which lies to the nortli- 
eastward of that represented in the drawing (fig. 712.), the over- 


rig. 713 . 



Contortloni of strata In tha largoat of the Cyclopian 
lilandt. 


lying clay has been greatly 
altered and hardened by the 
igneous rock, and occasionally 
contorted in the most ex- 
traordinary manner; yet the 
lamination has not been ob- 
literated, but, on the contrary, 
rendered much more conspi- 
cuous, by the indurating pro- 
cess. 

In the annexed woodcut 
(fig. 713.) I have represented 
a portion of the altered rock, 
a few feet square, where the 
alternating thin lamiusB of 
sand and clay haveput on the 
appearance which we often 
observe in some of the most 
contorted of the metamorphic 
schists. 

A great fissure^ running 
from east to west, nearly 
divides this larger island 
into two parts, and lays open 
its internal structure. Xu 


♦ This view of the Isle of Cyclops is from an original drawing by my friend 
the late Captain Basil Hall, K.N. 


Ca. XXX*] THE FOST-FUOCENE PERIOD, $58 

the section thus exhibited, a dike of lava is seen, $r«t cotling 
through an older mass of lava, and then penetrating tlie superitt* 
cumbent tertiary strata. In one place tlio lava ramifies and ter* 
minates in thin veins, fmm a few feet to a few inches in thiokne)»s 
(see fig. 714 ). 


Ftg.TU. 



Ni»irer Plioceoe «tr«la invaded by lava, Ulc of Cyclop* (horlmnu! »ec»ion). 
a. lava. 6. laminatad clay and land. c. the *nmr uttered. 

The arenaceous latninie are much hardened at the point of con- 
tact, and the clays are converted into siliceous schist. In this island 
the altered rocks assume a honeycomb structure on their weathered 
surface, singularly contrasted with the smooth and even outline which 
the same beds present in their usual soft and yielding state*. 

The pores of the lava are sometimes coated, or entirely filled, with 
carbonate of lime, and wdth a zeolite resembling analcime, which 
has been called cyclopite. The latter mineral has also been found 
in small fissures traversing the altered marl, showing that the same 
cause which introduced the niiiierals into the cavities of the lava, 
w'hether we suppose sublimation or aqueous infiltration, conveyed it 
also into the open rents of the contiguous sedimentary strata. 

Post- Pliocene formations near Naples , — I have traced in the 
•‘Principles of Geology ” the history of the changes which the vol- 
canic region of Campania is known to have undergone daring the 
last 2000 years. The aggregate effect of Igneous operations during 
that period is far from insignificant, comprising as it does the forma- 
tion of the modern cone of Vesuvius since the year 79, and tlie pro- 
duction of several minor cones in Ischia, together with that of 
Monte Nuovo in the year 1538. Lava-currents have also flowed 
upon the land and along the bottom of the sea — volcanic sand, 
pumice, and scoriae have been showered down so abundantly that 
whole cities were buried--tract8 of the sea have been filled up or 
converted into shoals — and tufaceous sediment has been transported 
by rivers and land-floods to the sea. There are also proofs, during 
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the sftme recent period, of a permaneitt alteration of the reiatiTc 
levels of the land and sea in several places, and of the same tract 
having, near Puzxuoli, been alternately upheaved and depressed to 
the amount of more than 20 feet. In connection with these convul* 
sions, there are found, on the shores of the Bay of Bai», recent 
tufaceous strata, filled with articles fabricated by the hands of man, 
and mingled with marine shells. 

It was also stated in this work (p. 188.), that when we examine 
this same r(‘gion, it is found to consist largely of tufaceous strata, of 
It date anU^rior to human history or tradition, which are of such 
thickness as to constitute hills from 500 to more than 2000 feet in 
height. Some of these strata contain marine shells which are ex- 
clusively of living species, others contain a slight mixture, one or 
two per cent., of extinct species. Of the latter class is the ancient 
cone of Vesuvius, called Somma, which is of far greater volume than 
the modern cone, and is intersected by a far greater number of dikes. 
In contrasting this ancient part of the mountain with that of modern 
date, one principal point of difference is observed : namely, the 
greater frequency in the older cone of fragments of altered sedi- 
mentary rocks ejected during eruptions. We may easily conceive 
that the first explosions would act with the greatest violence, rend- 
ing and shattering whatever solid masses obstructed the escape of 
lava and the accompanying gases, so that great heaps of ejected 
j)ieces of rock would naturally occur in the tufaceous breccias formed 
by the earliest eruptions. But wlien a passage had once been o{)ened, 
and an habitual vent established, the materials thrown out would 
consist of liquid lava, which would take the form of sand and scoriae, 
or of angular fragments of such solid lavas as may have choked up 
the vent. 

Among the fragments which abound in the tufaceous breccias of 
Somma, none are more common than a saccharoid dolomite, supposed 
to have been derived from an ordinary limestone altered by heat and 
volcanic vapours. 

Carbonate of lime enters into the composition of so many of the 
simple minerals found in Somma, that M. Mitscherlich.^ with mucli 
probability, ascribes their great variety to the action of the volcanic 
licat on subjacent masses of limestone. 

Dikei of Somma , — The dikes seen in the great escarpment which 
Somma presents towards the modern cone of Vesuvius are very 
numerous. They are for the most part vertical, and traverse at 
right angles tlie beds of lava, scorim, volcanic breccia, and sand, of 
which the ancient cone is composed. They project in relief several 
inches or sometimes feet, from the face of the cliff, being extremely 
compact, and less destructible than the intersected tuffs and porous 
lavas. In vertical extent they vary from a few yards to 500 feet, 
and in breadth from 1 to 12 feet. Many of them cut all the inclined 
beds in the escarpment of Somma from top to bottom, others stop 
short before they ascend above half way, and a few terminate at both 
ends, either in a poiot or abruptly. In miueral composition they 
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differ from tbe larjis of Solnml^ the rock eonsteiing of a 
ha«e of leucito and augile, through which large crjstaU of augtio 
and some of leueite are scattered.^ Examples are noi rare of one 
dike cutting through another, and in one instance a shift or fault is 
seen at the point of intersection. 

In some cases, however, the rents seem to have been filled laterally, 
when the walls of the crater had been broken by star-sliaped cracks, 
as seen in the nccompanying wood-cut (fig. 7)6.). But the shape of 
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these rents is an exception to the general rule ; for nothing is more 
remarkable than the usual parallelism of the opposite sides of the 
ilikes, w'hich correspond almost as regularly as the two opposite faces 
of a wall of masonry. This character appears at first the more in- 
(‘xplicable, when we consider how jagged and uneven are the rents 
caused by earthquakes in masses of heterogeneous composition, like 
those composing the cone of Somiiia. In explanation of this phe- 
nomenon, M. Necker refers us to Sir W. Hamilton’s oeconiit of an 
eruption of Vesuvius in the year 1779, who records the following 
facts : — “ The lavas, when they either boiled over the crater, oi 
broke out from the conical parts of the volcano, constantly formed 
eliannels as regular as if they had been cut by art down the steep 
part of the mountain ; and, whilst in a state of perfect fusion, con- 
tinued their course in those channels, which were sometimes full to 
the brim, and at other times more or lesaso, according to the quantity 
of matter in motion. 

These channels, upon examination after an eruption, I have 
found to be in general from two to five or six feet wide, and seven 
or eight feet deep. They were often hid from the sight by a 
quantity of scorim pmt had formed a crust over them ; and the lava, 
having been convoyed in a covered way for some yards, came out 

♦ Xu A. Neckcr, dc la Soc. dc t From a dniwing of M. Nveker, to 
Phva. et Nat, de Geneve, tom. ii., Mem. aboKS cited, 

part i, Nov. mt. 



656 POST-FLtOCEKE VOLCAKIC ROCKS. [C*. XXJL 

fresh again into an open chaiuieL After an ernptioD^ I have 
walked in some of those subterraneoos or covered galleriets which 
were eaceedingly curious, the sides, top, and bottom being worn 
perfectly tmooth and eren in most parts, by the violence of the 
currents of the red-hot lavas which they bad conveyed for many 
weeks successively/** 

Now, the walls of a vertical fissure, through which lava has 
ascended in its way to a volcanic vent, must have been exposed to 
the same erosion as the sides of the channels before adverted to. 
The prolonged and uniform friction of the heavy fluid, as it is 
forced and made to flow upwards, cannot fail to wear and smootli 
down the surfaces on which it rubs, and the intense heat must melt 
all such masses as project and obstruct the passage of the incan* 
descent fluid. 

The texture of the Vesuvian dikes is different at the edges and in 
the middle. Towards the centre, observes M. Necker, the rock is 
larger grained, the component elements being in a far more crys- 
lalline state ; while at the edge the lava is sometimes vitreous, and 
always finer grained. A thin parting band, approaching in its 
character to pitchstoiie, occasionally intervenes, at the contact of 
the vertical dike and intersected beds. M. Necker mentions one of 
tliose at the place called Prime Monte, in the Atrio del Cavallo ; 
and when I examined Sornma, in 182B, I saw three or four others 
in different parts of the great escarpment. These phenomena are in 
perfect harmony with the results of the experiments of Sir James 
Hall and Mr. Gregory Watt, which have shown that a glassy 
texture is the eflTect of sudden cooling, while, on the contrary, a 
crystalline grain is produced where fused minerals are allowed to 
consolidate slowly and tranquilly under high pressure. 

It is evident that the central portion of the lava in a fissure 
would, during consolidation, part with its heat more slowly than the 
sides, although the contrast of circumstances would not be so great 
as when we compare the lava near the bottom and at the surface of 
a current flowing in the open air. In this case the uppermost part, 
where it has been in contact with the atmosphere, and where re- 
frigeration has been most rapid, is always found to consist of 
scoriform, vitreous, and porous lava; while at the greater depth the 
mass assumes a more lithoidal structure, and then becomes more and 
more stony as we descend, until at length we are able to recognize 
with a magnifying glass the simple minerals of which the rock is 
composed. On penelrating still deeper, we can detect the con- 
stituent parts by the naked eye, and in the Vesuvian currents 
distinct crystals of augite and leucite become apparent. 

The same phenomenon, observes M. Necker, may readily be ex- 
hibited on a smaller scale, if we detach a piece of liquid lava from 
a moving current. The fragment cools instantly, and we find the 


• PhU. Trans., vol. Ixx, 1780. 
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surface covered with a vitreous coat ; while the interior, although 
extremely fine-grained, has a more stony appearance. 

It mast, however, be observed, that although ibo lateral portions 
of the dikes are finer grained than the central, yet the vitreous 
parting layer before alluded to is rare in Vesuvius. This may, 
perhaps, be accounted for, as the above-mentioned author suggests, 
by the great heat which the walls of a fissure may acquire before 
the fluid mass begins to consolidate, in which case the lava, even at 
the sides, would cool very slowly. Some fissures, also, may bo AIUmI 
from above, as frequently happens in the volcanos of the Sandwich 
Islands, according to the observations of Mr. Dana ; and in this case 
the refrigeration at the sides would be more rapid than when the 
melted matter flowed upwards from the volcanic foi'i, in an intensely 
heated state. Mr. Darwin informs me that in St. Helena almost 
every dike has a vitreous selvage. 

Tlic rock composing the dikes both in the modern and ancient 
part of Vesuvius is fivr more compact than that of ordinary lava, for 
the pressure of a column of melted matter in a fi.Hsure greatly 
e.xceeds that in an ordinary stream of lava ; and pressure checks 
the expansion of those gases which give rise t(» vesicles iu lava. 

There is a tendency iu almost all the Vesuvian dikes to divide 
into horizontal prisms, a phenomenon in accordance with tlm form- 
ation of vertical columns in horizontal l)eds of lava ; for in Iwth 
cases the divisions which give rise to the prismatic structure ar(* at 
right angles to the celling surfaces. (See above, p. fill.) 


u u 
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CHAPTER XXXI. 

ox THE LIFFEREKT AGES OF THE VOLCANIC ROCKS — continued. 

Volcanic rock* of the Newer Pliocene period — Val di Noto— Sicilian dike* — 
Region of Oloi in CatalonU — Volcanic rocks of the Older Pliocene period — 
Tuacany— Rome — Volcanic region of Oiot in Catalonia—Cones and Java- 
current* — Ravine* and ancient gravel-bed* — Jeta of air called Bnfador* — Age 
of the Catalonian volcanos— Upper Miocene period — Volcanic archipelago* of 
Madeira, the Canaries, and the Azores— Lower Miocene period — Brown-coal 
of the Eifcl and contemporaneou* trachytic breccias — Age of the brown- 
coal— Pecnliar characters of the volcanos of the npper and lower Kifel— Lake 
Craters — Trass— Hungarian volcano*. 

VOLCANIC ROCKS OF THE NEWER PLIOCENE PERIOD. 

Val di Noto . — 1 have already alluded (see p. 191.) to the igneous 
rocks which are associated with a great marine formation of lime- 
stone, sand, and marl in the southern part of Sicily, as at Vizzini 
iind other places. In this formation, which was shown to belong to 
tlie Newer Pliocene period, large beds of oysters and corals repose 
upon lava, and are unaltered at the point of contact. In other places 
wt find dikes of igneous rock intersecting the fossiliferous beds, and 
converting the clays into siliceous schist, the laminse being contorted 
and shivered into innumerable fragments at the junction, as near the 
town of Vizzini. 

The volcanic formations of the Val di Noto usually consist of the 
most ordinary variety of basalt, with or without olivine. The rock 
is sometimes compact, often very vesicular. The vesicles are occa- 
sionally empty, both in dikes and currents, and are in some localities 
filled with calcareous spar, arragonite, and zeolites. The structure 
is, in some places, spheroidal ; in others, though rarely, columnar. 
I found dikes of amygdaloid, wacke, and prismatic basalt, inter- 
secting the limestone at the bottom of the hollow called Gozzo degli 
Martiri, below Melilli. 

Dikes in Sicify, — Dikes of vesicular and amygdaloidal lava are 
also seen traversing marine tuft' or peperino, west of Palagonia, some 
of the pores of the lava being empty, while others are filled with 
tcarbonate of lime. In such cases we may suppose the peperino 
to have resulted from showers of volcanic sand and scoriae, together 
with fragments of limestone, thrown out by a submarine explosion, 
similar to that which gave rise to Graham Island in 1831. When 
the mass was, to a certain degree, consolidated, it may have been 
rent open, so that the lava ascended through fissures, the walls of 
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which were perfectly even and parallel. AAer the melted matter 
that filled the rent (fig. 716.) had cooled down, it must have been 
fractured and shifted horiaou tally by a lateral movement. 

In the second figure (fig. 717.), the lava has more the ftp|>earanoe 


Fig.7!6. rif. 7i7. 



(iround -Ilian of dtkc« nrar I’alagi nia. 
a Uva. 

6. jifiHTlno. rontitting of Tol<«n)r »Mt)d, miaed wUh 
fntgntrau of lava and ltm«sio>ic. 

of a vein, which forced its way through the peperino. It in highly 
probable that similar apjwarances would be seen, if we could examine 
the floor of the sea in that part of the Mediterranean where th<i 
w aves have recently washed away the new volcanic island ; for when 
a sufierincumbent mass of ejected fragments has Uten removed by 
denudation, we may expect to see sections of dikes traversing tuff, 
or, in other words, sections of the channels of communication by 
which the subterranean lavas reached the surface. 

Volcanic rocks of Olot in Catalonia , — Geologists are far from 
being able, as yet, to assign to each of the volcanic grou{>8 scattered 
<»ver Europe a precise chronological place in the tertiary series ; but 
I shall describe here, as probably referable in part to the Post-plio- 
cene and in part to the Newer Pliocene period, a district of extinct 
volcanos near Olot in the North of Spain, which is little known, aii<l 
which I visited in the summer of 1830. 

The whole extent of country occupied by volcanic products in 
Catalonia is not more than fifteen geographical miles from north fo 
south, and about six from east to west. The vents of eruption 
range entirely within a narrow band running north and south ; and 
the branches, which are represented as extending eastward in ihe 
map, are formed simply of two lava-streams — those of Castell Follit 
and Cellent. 

Dr. Maclure, the American geologist, was the first who made 
known the existence of these volcanos*; and, according to bis de- 
scription, the volcanic region extended over twenty square leagues, 
from Amer to Massanet. I searched in vain in the environs of Ma^- 

♦ Maclorc. Joum. dc Phyr., toI. Ixvi, p. 219., IdOS ; cited by Daubeny, De- 
icripiion of Volcano*, p. 24. 
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sanet in the Pyrenees, for traces of a lava-current ; and I can say 
with confidence, that the adjoining map gives a correct view of the 
true area of the volcanic action. 

Geological structure of the district — The eruptions have burst 
entirely through fossiliferous rocks, composed in great part of grey 
and greenish sandstone and conglomerate, with some thick beds of 
nummulitk* Itmestone. The conglomerate contains pebbles of quartz, 
limestone, and Lydian stone. This system of rocks is very exten- 
sively spread tbrougliout Catalonia ; one of its members being a red 
sandstone, to which the celebrated salt-rock of Cardona, usually 
considered as of the cretaceous era, is subordinate. 

Near Amer, in the Yalley of the Ter, on the southern borders of 
the region delineated in the map, crystalline rocks are seen, consist- 
ing of gneiss, tnica-schist^ and clay-slate. They run in a line nearly 
parallel to the Pyrenees, and throw off the fossiliferous strata from 
their flanks, causing them to dip to the north and north-west. This 
dip, which is towards the Pyrenees, is connected with a distinct axis 
of elevation, and prevails through the whole area described in the 
map, the inclination of the beds being sometimes at an angle of 
between 40 and 50 degrees. 

It is evident that the physical geography of the country has 
undergone no material change since the commencement of the era 
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of the volcanic eruptioua, except auch aa haa resulted from the 
introduction of new hills of scoriae, and currents of lavu upon the 
surface. If the lavas could be reraelted and poured out again from 
their respective craters, they would descend the same valleys in 
which they are now seen, and re-occupy the spaces which they at 
present fill. The only difference in the external conhguration of 
the fresh lavas would consist in this, that they would nowhere 
intersected by ravines, or exhibit marks of erosion by running 
water. 

Volcanic cones and farm , — There are about fourteen distinct 
cones with craters in this part of Spain, ):)esides several points 
whence lavas may have issued ; all of them arranged along a narrow 
line running noith and south, as will be seen in the nnip. The 
greatest number of j)erfect cones are in the iininediate neighbour* 
hood of Olot, soo>e of which (fig. 719., 2, 3, and o) are 



View ut fhf? Voicaaot around Olot in Catalonia. 


represented in the annexed woodcut ; and the level plain on which 
that town stands has clearly been produced by the flowing down of 
many lava-streams from those bills into tlie bottom of a valley, 
probably once of considerable depth, like those of the surrounding 
country. 

In this drawing an attempt is made to represent, by the shading 
of the landscape, the different geological fbrmations of which the 
country is composed.* The white line of mountains (No. 1.) in the 
distance is the Pjrrenees, which are to the north of the spectator, 
.and consist of hypogene and ancient fossiiiferous rocks. In front of 
these are the fossiiiferous formations (No. 4.), which are in shade. 

* Tliis view i* taken from a sketch which I made on the sj^ot in 1830. 
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8tlU nearer to us the lulls 2, 3, 5, are volcanic cones, and the rest of 
tlie ground on which the sunshine falb b strewed over with volcanic 
ashes and lava. 

The Flu via, which flows near the town of Olot, has cut to the 
depth of only 40 feet through the lavas of the plain before men- 
t ioned. The bed of the river is hard basalt ; and at the bridge of 
Santa Madelina are seen two distinct lava-currents, one above the 
other, separated by a horizontal l>ed of scoriae 8 feet thick. 

In one place, to the south of Olot, the even surface of the plain is 
broken by a mound of lava called the “ Bosque de Tosca,” the 
upper part of which is scoriaceous, and covered with enormous 
Jieaps of fragments of basalt, more or less porous. Between tlie 
numerous hummocks thus formed are deep cavities, having the 
e ppearance of small craters. The whole precisely resembles some 
of the modorn currents of Etna, or that of Come, near Clermont; the 
last of which, like the Bosque de Tosca, supports only a scanty 
vegetation. 

Most of the Catalonian volcanos are as entire as those in the 
neighbourhood of Naples, or on the flanks of Etna. One of these, 
called Monisacopa (No. 3. fig. 719.), is of a very regular form, and 
has a circular depression or crater at the summit. It is chiefly 
made up of red scorias, undistinguishaVde from those of the minor 
<|pcs of Etna. The neighbouring hills of Olivet (No. 2.) and 
(larrinada (No. 5.) are of similar composition and shape. Tin* 
largest crater of tlic whole district occurs farther to the east of 
Olot, and is called Santa Margarita. It is 455 feet deep, and about 
a mile in circumference. Like Astroni, near Naples, it is richly 
covered with wood, wherein game of various kinds abounds. 

Although the volcanos of Catalonia have broken out through 
sandstone, shale, and limestone, as have those of the Eifel, in Ger- 
many, to be described in the sequel, there is a remarkable ditter- 
I nee in the nature of the ejections composing the cones in these two 
regions. In the Eifel, the quantity of pieces of sandstone and shale 
thrown out from the vents is often so immense as far to exceed in 
volume the scorim, pumice, and lava; but I sought in vain in the 
cones near Olot, for a single fragment of any extraneous rock ; and 
Don Francisco Bolos. an eminent botanist of Olot, informed me that 
he had never been able to detect any. 

Volcanic sand and ashes are not confined to the cones, but have 
been sometimes scattered by the wind over the country, and drifted 

into narrow valleys, as is seen 
between Olot and Cellent, w'hcre 
the annexed section (fig. 720.) is 
exposed. The light cindery vol- 
canic matter rests in thin re- 
gular layers, just as it alighted 
on the slope- formed of the solitf 
conglomerate. No flood could 
have passed through the valley 
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since the scorias fell« or theee would have been for the most jMirt 
removed. The currents of lava in Catalonia, like those of Auvergne, 
die Vivarais, Iceland, and all mountainous countries, are of con- 
siderable depth in narrow defiles, but spread out into comparatively 
thin sheets in places where the valleys widen. If a river has flowed 
on nearly level ground, as in the great plain near Olot, the water 
has only excavated a channel of slight depth ; but where the de- 
clivity is great, the stream has cut a deep section, sometimes by 
penetrating directly through the central part of a lava-current, but 
more frequently by passing between the lava and the secondary or 
tertiary rock which bounds the valley. Thus, in the accompanying 
section (fig. 721,), at the bridge ofCellent, nix miles east of Olot, we 
see the lava on one side of the small stream ; while the inclined 





Section above the bridge of Cellent. 

A. tcoriaceouk Uva. d. ecoria*. veaetable ftoil.'aittl alltivkum. 

6, hiuiktt. f, numinuiitlc iiineatone. 

c columnar tfatali. /. inicaceou* grcjr •andttonc. 

stratified rocks constitute the channel and opposite hank. The 
upper part of the lava at that place, as is usual in the currents of 
Etna and Vesuvius, is scoriaceous ; farther down it l>ecomes le^H 
porous, and assumes a spheroidal structure ; still lower it divides in 
horizontal plates, each about 2 inches in thickness, and is more 
compact Lastly, at the bottom is a mass of prismatic basalt about 
.5 feet thick. The vertical columns often rest immediately on the 
subjacent stratified rocks ; but there is sometimes an intervention of 
sand and scorige such as cover the country during volcanic eruptions, 
and which, unless protected as liere, by superincumbent lava, is 
washed away from the surface of the laud. Sometimes, the herd d 
contains a few pebbles and angular fragments of rock ; in other 
places fine earth, which may have constituted an ancient vegetable 
soil. 

In several localities, beds of sand and ashes are interposed between 
the lava and subjacent stratified rock, as may be seen if we follow 
the course of the lava-current which descends from Las Planas 
towards Amer, and stops two miles short of that town. The river 
there has often cut through the lava, and through 18 feet of under « 
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lying limestone. Occasionally an alluvium, several feet thick, is 
interposed between the igneous and marine formations ; and it is 
interesting to remark that in this, as in other beds of pebbles occu- 
pying a similar position, there are no rounded fragments of lava ; 
whereas in the most modern gravel-beds of the rivers of this country 
volcanic pebbles are abundant. 

The deepest excavation made by a river through lava, which I 
observed in this part of Spain, is seen in the bottom of a valley near 
San Feliu de Fallerdls, opposite the Castell de Stolles. The lava 
there has filled up the bottom of a valley, and a narrow ravine has 
licen <;ut through it to the depth of 100 feet. In the lower part the 
lava has a columnar structure. A great number of ages were pro- 
bably required for the erosion of so deep a ravine ; but we have no 
l enson to infer that this current is of higher antiquity than those 
of the plain near Olot. The fall of the ground, and consequent 
velocity of the stream, being in this case greater, a more considerable 
volume of rock may hav<* been remov(‘d in the same time. 

I shall describe one more section (fig. 722.) to elucidate the phe- 
nomena of this district. A lava-stream, flowing from a ridge of hills 
on the east of Olot, descends a considerable slope, until it reaches 
the valley of the river Fiuvia. Here, for the first time, it comes in 
contact with running water, which has removed a fiortion, and laid 
opgp its internal structure in a precipice about 130 feet in height, 
nt^ie edge of which stands the town of Castell Follit, 

By the junction of the rivers Flnvia and Teronel, the mass of lava 
has been cut away on two sides ; and the insular rock b (fig. 722.) 
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Section at Castell Follit. 

A, church and town of Ca«telJ Follit. nverlookina preclplcot of iMuatt. 

B. smalt island, on each side of which branches of the river Teroiiei flow to meet the 

Fturia. 

c. precipice of basaltic lara. chiefly columnar, about 130 feet in height. 

d. ancient alluYlutn. iinderljing the lara-current. 

e. inclined strata of sandstune. 


has been left, which was probably never so high as the cliff a, as it 
may have constituted the lower part of the sloping side of the 
orisrinal current. 

From an examination of the vertical cliffs, it appears that the 
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upper part of the lava on which the town h built h scoriaceous* 
passing downwards into a spheroidal basalt ; some of the huge 
splieroids being no less than 6 feet in diameter. Below this U a 
more compact basalt, with crystals of olivine. There are in all five 
distinct ranges of basalt, the uppermost spheroidal, and the rest 
prismatic, se parated by thinner beds not columnar, and some of 
*which are schistose. These W’ere probably formed by successive 
flows of lava, whether during the same eruption or at different 
}>enods. The whole mass rests on alluvium, 10 or 12 feet in thick* 
ness, composed of pebbles of limestone and qiiarta, but without any 
intermixture of igneous rocks ; in which circumstance alone it 
app<*ars to differ from the modern gravel of the Flu via. 

Bti/adors . — The volcanic rocks near Olot have often a cavernous 
structure, like some of the lavas of Etna ; and in many parts of the 
hill of Batet, in the environs of the town, the sound returned by the 
earth, when struck, is like that of an archway. At the base of the 
same bill are the mouths of several subterranean caverns, about 
twelve in number, called in the? country “bufadors,^’ from which a 
current of cold air issues during summer, but in winter it is said to 
he scarcely perceptible. I visited one of these bufadors in the 
beginning of August, 1830, wlien the l»eat of the season was un- 
usually intense, and found a cold wind blowing from it, which may 
easily be explained ; for as the external air, when rarefied by b^at 
ascends, the pressure of the colder and heavier air of the caverns 
in the interior of the mountain causes it to rush out to supply its 
place. 

In regard to the age of tlieso Spanish volcanos, attempts have 
been made to prove, that in this country, as well as in Auvergiu? 
and the Eifel, the earliest inhahitauts were eye-witnesses to the 
volcanic action. In the year 1421, it is said, when Olot was de- 
stroyed by an earthquake, an eruption broke out near Amer, and 
consumed the town. The researches of Don Francisco Bolos have, 
1 think, slmwn, in the most satisfactory manner, that there is no 
good historical foundation for the latter part of this story ; and any 
geologist who has visited Amer must be convinced that there never 
w as any eruption on that spot. It is true that in the year above 
mentioned, the whole of Olot, with the exception of a single house, 
was cast down by an earthquake ; one of those shocks which, at 
distant intervals during the last five centuries, have shaken the 
Fyreuees, and particularly the country between Perj)ignan and Olot, 
where the movements, at the period alluded to, were most violent. 

The annihilation of the town may, perhaps, have been due to the 
cavernous nature of the subjacent rocks ; for Catalonia is beyond the 
line of those European earthquakes wliich have, within the period of 
history, destroyed towns throughout extensive areas. 

As wfe have no historical records, then, to guide us in regard to the 
extinct volcanos, we must appeal to geological monuments* The an- 
nexed diagram (fig. 723.) will present to the reader, in a synoptical 
form, the results obtained from numerous sections. 
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Sup<»rpoiiUon of rocki »n the eokftnlc dlitrlct of CtUloiiia. 
n sandstone and nummiilittc limestone. 

b. older alltivlum without vulcanic pebbles. 

c. coues of scoria and lava. d. Newer alluvium. 


The more modern alluvium (cl) is partial, and has been formed 
by the action of rivers and floods upon the lava; whereas the older 
^Travel (b) was strewed over the country before the volcanic eruptions. 
In neither have any organic remains been discovered ; so that we can 
merely adlrm as yet, that the volcanos broke out after the elevation 
of some of the newest rocks of the nummulitic (Eocene) series of 
Catalonia, and before the formation of an alluvium (d) of unknown 
date. The integrity of the cones merely shows that the country 
has not been agitated by violent earthquakes, or subjected to the 
action of any great flood since their origin. 

Kftst of Clot, on the Catalonian coast, marine tertiary strata occur, 
w’hich, near Barcelona, attain the height of about 500 feet. From 
the shells which I collected, these strata appear to correspond in 
age with the Subapennine beds ; and it is not improbable that their 
upheaval from beneath the sea took place during the period of 
volcanic eruption round Olot. In that case these eruptions may 
have occurred partly during the Newer Pliocene, and partly during 
the Post-pliocene period, but their exact age is at present un- 
certain. 

Older Pliocene period.— Italy , — In Tuscany, as at Radicofani, 
Viterbo, and Aquapendente, and in the Campagna di Roma, sub- 
marine volcanic tuffs are interstratified with the Older Pliocene 
strata of the Subapennine hills in such a manner as to leave no 
doubt that they were the products of eruptions which occurred 
w^hen the shelly marls and sands of the Subapennine hills were in 
the course of deposition. This opinion I expressed* after my visit 
to Italy in 1828, and it has recently (1850) been confirmed by the 
arguments adduced by Sir R. Murchison in favour of the submarine 
origin of the earlier volcanic rocks of Italy.f These rocks are well 
known to rest conformably on the Subapennine marls, even as far 
south as Monte Mario in the suburbs of Rome. On the exact age 
of the deposits of Monte Mario new light has recently been thrown 
by a careful study of their marine fossil shells, undertaken by MM. 
llayneval, Vauden Hecke, and Ponzi. They have compared no 

* See Ist edit of Principles of Geo- and former edits, of this work, chap. xxxi. 
logy, vol. iii. chaps, xiii. andxiv., 1833; f ^eol* Quart. Journ., voL vi. p. 28U 
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le«a than 160 gpeciea* with the shelia of the Coralline Crag of 
SuflTolk, 80 well described bjr Mr. Searles Wood ; and the specifie 
agreetnent between the Britiah and Italian fosgiln is so greats if we 
make due allowance for geographical distance and the difference of 
latitude^ that we can have little hesitation in referring both to the 
same period or to the Older Pliocene of this work. It is highly 
probable that, between the oldest trachytes of Tuscany and the 
newest rocks in the neighbourhood of Naples, a series of volcanic 
products might be detected of every age from the Older Pliocene to 
the historical epoch. 


VOLCANIC ROCKS OF THE UPPER MIOCENE PERIOP. 

Madeira and Porto Santo , — When treating gen«*rally of the 
origin and structure of volcanic mountains, I have described (p. 689.) 
at some length the volcanic tuffs and other igneous rocks of Tertiary 
and Post-tertiary date in the island of Madeira. Among the sub- 
marine deposits, it was stated that some were as old as the Up|wr 
Miocene period, as shown by the fossil shells included in the tuffs 
which have been upraised at San Vicente in the northern part of 
the island to the height of 1800 feet above the level of the sea. A 
similar formation constitutes the fundamental portion of the neigh- 
bouring island of Porto Santo, forty miles distant from Madeira. 
The marine beds are there elevated to an equal height, and covered, 
as in Madeira, with lavas of supra-marine origin. 

The largest number of foHsils have been collected from tuffs 
and conglomerates and some beds of limestone in the island of 
Baixo, off the southern extremity of Porto Santo. They amount 
in ibis single locality to more than sixty in numlHT, of which al)OUt 
fifty are mollusca, many of them in the staU» of costs only. 

Some of the shells probably lived on the spot in the intervals 
between eruptions ; some may have been cast up into the water 
or air together with muddy ejections, and, falling down again, were 
deposited on the bottom of the sea. The hollows in some fragments 
of vesicular lava, entering into tlie composition of the breccias and 
conglomerates, are partially filled with calc-sinter, licing thus half 
converted into amygdaloids. 

Among the fossil shells common to Madeira and Porto Santo, 
large cones, strombs, and cowries are conspicuous among the uni- 
valves, and Cardium, Spondt/lus, and Lithodomuu among the lamelli- 
branchiate bivalves. Among the EchinoderfM the large Clypeaster, 
Cl altuSy an extinct European Miocene fossil, is seen. 

The largest list of fossils has l)€en published by M. Karl Meyer, 
in llartung’s ‘‘ Madeira but in the collection made by myself, and in 
a still larger one formed by Mr. J. Yate Johnson, several remarkable 
forms not in Meyer's list occur, as, for example, Pholadompa^ and a 
large Terebra. Mr, Johnson also found a fine specimen of NautUu* 


* Catalogue des Fotsiles de Monte Mario, Home, 1S54. 
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{Atruria) zigzag, a well-known Falunian fossil of Europe ; and in 
the same volcanic tuff of Baixo, the Echinoderm Bri*zus Scillte, a 
living Mediterranean species, found fossil in the Miocene strata of 
Malta. M. Meyer identifies one-third of the Madeira shells with 
known European Miocene (or Falunian) forms. The huge Strom bus 
of San Vicente and Porto Santo, S. Italicus, is an extinct shell 
of the Subapennine or Older Pliocene formations. 

The mollusca already obtained from various localities of Madeira 
and Porto Santo are not less than one hundred in number, and, 
according to Or. S. P. Woodward, rather more than a third are of 
species still living, but many of these are not now inhabitants of tlie 
neighbouring sea. 

It has been remarked (p. 211.) that in the Older Pliocene and 
Up[>er Miocene deposits of Europe, many forms occur of a more 
southern aspect than those now inhabiting the nearest sea. In like 
manner the fossil corals, or Zoantharia, six in number, which I ob- 
tained from Madeira, of the genera Sarcinula, Ilgdnophora, 

Ike,, were pronounced by Mr. Lonsdale to be forms foreign to the 
adjacent coasts, and to agree with those of more tropical latitudes 
and parts of the Red Sea. So the Miocene shells of the Madeiras 
seem to belong to the fauna of a sea warmer than that now sepa- 
rating Madeira from the nearest part of the African coast. We 
learn, indeed, from the observations miule in 1859, by the Rev. R. 
T. Lowe, that more than one half, or fifty-three in ninety, of the 
marine mollusks collected by him from the sandy l)cach of Mogador 
are common British species, although Mogador is 18^ degrees south 
of the nearest shores of England. The living shells of Madeira and 
Porto Santo are in like manner those of a temperate climate, although 
in great part differing specifically from those of Mogador.* 

Grand Cauarg. — In the Canaries, especially in the Grand Canary, 
the same marine Upj>er Miocene formation is found. Stratified 
tuffs, with intercalated conglomerates and lavas, are there seen in 
nearly horizontal layers in sea-cliffs about 300 feet high, near Las 
Palmas. M. llurtung and I were unable to find marine shells in 
these tuffs at a greater elevation than 400 feet above the sea; but 
as the deposit to which they belong reaches to the height of 1100 
i'eet or more in the interior, w'c conceive that an upheaval of at 
least that amount has taken place. The Clypeaster alius, Spon- 
dylus gwderopus, Feciunculus pilasus, Cardita calyculata, and 
several other shells, serve to identify this formation with that of 
the Madeiras, and Ancillaria glandiformis, which is not rare, and 
some other fossils, remind us of the faluns of Touraine. 

The sixty-two Miocene species which I collected in the Grand 
Canary are referred, by Dr. 8. P. Woodward, to for ty-seven genera, 
ten of which are no longer represented in the neighbouring sea, 
namely, Corbis, an African form, Hinnites, now living in Oregon, 
Theetdium ( 71 Mediterraneum, identical with the Miocene fossil of 


linnean Proceedings; Zoology, 1860. 
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St Juvat» in Brittany), Calypiraa^ Hipponyjr^ Ntrita^ Eraio, Olira^ 
AncHlaria^ and FoMciolaria. 

Tlieae tuffs of the aouthern ahorea of tho Grand Canary, con* 
taining the Upper Miocene sheila, appear to be about the same age as 
the most ancient volcanic rocks of the island, composed of slaty 
diabase, pbonolite, and trachyte. Over tlie marine lavas and tuffs 
trachytic and basaltic products of sub-aerial volcanic origin, l>etween 
4000 and 5000 feet in thickness, have been piled, tho central parts 
of the Grand Canary reaching the heights of alK)Ut 6000 feet above 
the level of the sea. Some lavas have a very fresh as|>ect, and 
Imve been poured out since the time when the valleys ivore already 
excavated to within a few feet of their present depth. They must 
Ik 3 very modern, geologically speaking, hut being anterior to the 
European colonization of the Grand Canary, their date is unknown. 

A raised beach occurs at San Catalina, a)K)ut a quarter of a mile 
north of Los Palmas, wliich is situated in the north-eastern part of 
the island. It intervenes between the base of the high cliff formed 
of the tuffs with Miocene shells and the sea-shore. From this 
beach, elevated twenty-five feet above high-water mark, and at a 
distance of about 150 feet from the shore, I obtained, with the 
assistance of Don Pedro Maffiotte, more than fifty species of living 
marine shells. Many of them, according to Dr. S. P. WcKjdward, 
are no longer inhabitants of the contiguoii.s sea, as, for example, 
Stromhus bubonim^ which is still living on the West Coast of Africa, 
and Cerithium procerumy found at Mozambique ; others are Medi- 
terranean PjMJcies, as Pecien Jacobmts and pnh/morphut. Some of 
these testacea, such as Cardita squamotdy are inhabitants of deep 
water, and the depo.sit on tho wliole st^ems to indicate a deptli of 
water exceeding a liundred feet. 

Azores. — III the island of St. Mary’s, one of the Azores, marine 
fossil shells have long been known. They are found in the north- 
east coast in a small projecting promontory called Ponta do Papn- 
gaio (or Point -Parrot), chiefly in a limestone about 20 feet thick, 
which rests upon, and is again covered by, basaltic lavas, scoria*, 
and conglomerates. The pebbles in the conglomerate are cemented 
together with carbonate of lime. 

M. Hartung, in hia account of the Azores, published in 1860, 
describes twenty-three shells from St. Mary’s*, of which eight per- 
haps are identical with living species, knd twelve are with more or 
less certainty referred to European Tertiary forms, chiefly Upper 
Miocene. One of the most characteristic and abundant of the new 
species, Cardium fJartungiy not known as fossil in Europe, is very 
common in Porto Santo and Baixo, and serves to connect the Miocene 
fauna of the Azores and the Madeiras. 

It appears from what has been said in the twenty-ninth and in the 
present chapter, that the volcanic ernptionsof Madeira^ the Canaries, 

♦ Hartong, Die Azoren, I860 ; also Insel Gran Canaria, Madeira and Porto 
Santo, 1864, Lcipsig. 
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and the Azores, commenced in the Upper Miocene period, and con- 
tinued down to Post-pliocene times : in some islands of the Canarian 
and Azorian groups, the volcanic fires are not yet extinct, as the re- 
corded eruptions of Laiizerote, Teneriffe, Palma, St. Michaers. and 
others attest. 

Ill each of the three archipelagos there are proofs of Miocene 
submarine formations having been gradually uplifted during the out- 
pouring of successive lavas, in the same manner as the Pliocene 
marine strata of the oldest parts of Vesuvius and Etna have been 
upraised during eruptions of Post-tertiary date. In the Grand 
C’anary, in Teneriffe, and in Porto Santo, I observed raised beaches, 
showing that movements of elevation have in each of them been 
continued down to the Post-tertiary period. 


LOWER MIOCENE VOLCANIC ROCKS. 

The EifeL — A large portion of the volcanic rocks of the Lower 
Rhine and the Eifel are coeval with the Lower Miocene deposits to 
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which most of the ” Browii*Coal ” of Germany belongs. The Ter* 
tiary strata of that ajje are seen on both sides of the Rhine, in the 
ueighbonrhood of Bonn, resting nnconformably on highly ineliniMl 
and vertical strata of Silurian and Devonian rocks. Its geographical 
position, and the space occupied by the volcanic rocks, both of the 
Westerwald and Eifel, will be seen by referring to the map (dg. 
724.), for which I am indebted to the late Mr. Homer, whose resi- 
dence for some years in the country enabled him to verify the maps 
of MM. Noeggerath and Yon Ocynhausen, from which that now given 
has been principally compiled.* 

The Brown-Coal formation of that region consists of beds of loose 
sand, sandstone, and conglomerate, clay with nodules of clay-iron- 
stone, and occasionally silex. Layers of light brown and sometimes 
black lignite are iuterstratified with the clays and sands, and often 
irregularly diffused through them. They contain numerous impres- 
sions of leaves and stems of trees, and are extensively worked for 
fuel, whence the name of the formation. 

In several places, layers of trachytic tuff are interstrati fied, and in 
these tuffs are leaves of plants identical with those found in the 
brown-coal, showing that, during the period of the accumulation of 
tlie latter, some volcanic products were ejected. 

M. Von Dechen, in his work on the Siehengebirge •, has given a 
copious list of the animal and vegetable remains of the freshwater 
strata associated with the brown-coal. Plants of the genera Flabel- 
larkty Ceanothus^ and Daphnogene^ including 1), cinnamomifolia 
(fig. 204., p. 262.), occur in theses beds, with nearly 150 other plants. 

The fishes of the brown-coal near Bonn are found in a bituminous 
shale, called paper-coal, from being divisible into extremely thin 
leaves. The individuals are very numerous ; hut they appear to 
belong to a small number of species, some of which were referred by 
Agassiz to the genera Leuciscus^ Aipius^ and Perea, The remains of 
frogs also, of extinct species, have been discovered in the paper -coal; 
and a complete series may be seen in the museum at Bonn, from the 
most imperfect state of the tad|)ole to that of the full-grown animal. 
With these a salamander, scarcely distinguishable from the rccept 
species, has been found, and the remains of many insects. 

A vast deposit of gravel, chiefly composed of pebbles of white 
quartz, but containing also a few fragments of other rocks, lies over 
the brown-coal, forming sometimes only a thin covering, at others 
attaining a thickness of more than 100 feet. This gravel is very 
distinct in character from that now forming the bed of the Rhine. 
It is called “ Kiesel-gerolle by the Germans, often reaches great 
elevations, and is covered in several places with volcanic ejections. 
It is evident that the country has undergone great changes in its 
physical geography since this gravel was formed ; for its position 
has scarcely any relation to the existing drainage, and the great 

• Homer, Tmnf. of GeoK 8oc., Second Scricfi, voL v. 

f Geognost. Besdireih. des Siebeogebirgcs am Ebeiti. Boan, 185^. 
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valley of the Rhine and all the more modern volcanic rocks of the 
same region are posterior to it in dale. 

Some of the newest beds of volcanic sand, pumice, and scoriae are 
interstratified near Andernach and elsewhere with the loam called 
loess, which was l)efore described as being full of land and freshwater 
shells of recent species, and referable to the Post-pliocene period. 
Hut this int<*realation of volcanic matter between beds of loess may 
possibly l»e explained without sup|K>sing the last eruptions of the 
liower Eife*l to have taken place so recently as the era of the depo- 
sition of the loess. 

The igneous rocks of the Westerwald, and of the mountains called 
the Si(*l>engebirgc, consist partly of basaltic and partly of trachytie 
lavas, the latter being in general the more ancient of the two. There 
arc many v^arieties of trachyte, some of which are highly crystalline, 
resembling a eoarse-grained granite, with largo separate crystals of 
felspar. Trachytie tuff is also very abundant. These formations, 
some of which w^ere certainly contemporaneous with the origin of 
the hrown-C(»al, were the fir>t of a long series of eruptions, the 
more recent of which happened when the country had acquired 
nearly all its present geographical features. 

Newer t'olcanos of the Eifel. — Lake-crater$, — As I recognized 
in the more modern volcanos of the Kifel characters distinct from 
any previously observed by me in those of France, Italy, or Spain, I 
shall hrietly deseriU* tiicm. Th<^ fundamental rocks of the district 
are grey and red sandstones and shales, with some associated lime- 
stones, replete w'ith fossils of the Devonian or CM Red Sandstone 
g!*oup. The volcanos broke out in the midst of these inclined strata, 
and when the present systems of hills and valleys had already been 
formed. The eruptions occurred sometimes at the bottom of deep 
valleys, sometimes on the summit of hillsi, and frequently on inter- 
vening platforms. In travelling through this district we often fall 
upon them most unexpectedly, and may find ourselves on the very 
edge of a crater before we had been led to suspect that we were 
approocdiing the site of any igneous outburst. Thus, for example, 
op arriving at the village of Gemund, immediately south of Daun, 
we leave the stream, which flows at the bottom of a deep valley in 
which strata of sandstone and shale crop out. We then climb a 
steep hill, on the surface of wdiich we see the edges of the same 
strata dipping inwards towards the mountain. When we have 
ascended to a considerable height, we see fragments of scoriae spar- 
ingly scattered over the surface ; until, at length, on reaching the 
summit, we find ourselves suddenly on the edge of a torn, or deep 
circular lake-basin (see fig. 725.). 

This, which is called the Gemunder Maar, is one of three lakes 
which are in immediate contact, the same ridge forming the barrier 
of two neighbouring cavities. On viewing the first of these (fig. 725.), 
we recogniae the ordinary form of a crater, for which we have been 
prepared by the occurrence of scoriae scattered over the surface of 
the soil. But on examining the walls of the crater we find precipices 
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of sandstone and sljale which exhibit no signs of the action of heat; 
and we look in vain for theme beds of lava and scoria?, dipping out- 
wards on every side, which we have been accustomed to consider a« 
characteristic of volcanic vents. As we pmceed, however, to the 
opposite side of the lake, and afterwards visit the craters c and d 
(fig. 726.), we find a considerahle quantity of scorias and some lava, 
and see the whole surface of the soil sparkling with volcanic sand, 
and strewed with ejected fragments of half-fused shale, which pre- 
serves its laminated texture in the interior, while it has a vitrified 
or Hcoriform coating. 

A few miles to the south of the lakes above mentioned occurs the 
I’ulverraaar of Gillenfeld, an oval lake of very regular form, and 
surrounded by an unbroken ridge of fragmentary materials consist- 
ing of ejected shale and sandstone, and preserving a uniform height 
of about 150 feel above the water. The slope in tlie interior is at 
an angle of about 45 degrees ; on the exterior, of 35 degrees. Vol- 
canic substances are intermixed very sparingly with the ejections, 
which in this place entirely conceal from view the stratified rocks of 
the country.* 

The Meerfelder Maar is a cavity ©f far greater siae and depth, 
hollowed out of similar strata ; the sides presenting some abrupt 
sections of inclined secondary rocks, which in other places are buried 
under vast heaps of pulverized shale. I could discover no scoriae 
amongst the ejected materials, but balls of olivine and other volcanic 
substances are mentioned as having been found.f This cavity, which 
we must suppose to have discharg^ an immense volume of gaa, is 

• Scrope, Edin. Joura. of Science, t Hibben, Extinct Yolcaaot of the 
June, 1826, p. 145. Ebine, p. 24. 
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nearly a mile in diameter, and is said to be more than one hundred 
fathoms deep. In the neighbourhood is a mountain called the Mosen- 
berg, whieli coUhLsts of red sandstone and shale in its lower parts, 
but supports on its summit a triple volcanic cone, while a distinct 
current of lava is seen descending the flanks of the mountain. The 
edge of the crater of the largest cone reminded me much of tiie form 
and characters of that of Vesuvius ; but I was much struck with the 
precipitous and almost overhanging wall or paraja^t which the scorim 
presented towards the exterior, as at a b (fig. 727.) ; which 1 can 


Fig. 727. 



Stratified rorkn. t. Volcanic. 

Outline of tiie Moaenberg, Upper Eifel. 


only explain by supposing that fragments of red-hot lava, as they 
f(‘ll round the vent, were cemented together into one compact mass, 
in consequence of continuing to be in a half-melted state. 

If we pass from the Upper to the Lower Kifel, from A to h (see 
Map, p. (370.), we find the celebrated lake-crater of Laach, which has 
a greater resemblance than any of those before mentioned to the 
Lago <li Bol.‘<ena, and others in Italy, being surrounded by a ridge 
of gently sloping hills, com]>osed of loose tuffs, scoriae, and blocks of 
a variety of lava.s. 

One of the most interesting volcanos on the left bank of the Rhine 
near Bonn is called the Roderberg. It forms a circular crater nearly 
a quarter of a mile in diameter, and l(K)feet deep, now covered with 
fields of corn. The highly inclined strata of ancient sandstone and 
shale rise even to the rim of one side of the crater ; but they are 
overspread by quartzose gravel, and this again is covered by volcanic 
scoria) and tufaceous sand. The opposite wall of the crater is com- 
posed of cinders and scorified rock, like that at the summit of Vesu- 
vius. It is quite evident that the eruption in this case burst through 
tlie sand.stone and alluvium which immediately overlies it ; and 1 
observed sonic of the quartz pebbles mixed with sconce on the 
flanks of the mountain, as if they had been cast up into the air, and 
had fallen again with the volcanic ashes. I have already observed, 
that a large part of this crater has been filled up with the loess. 

The most striking peculiarity of a great many of the craters above 
described, is the absence ot any signs of alteration or torrefaction in 
their walls, when these are composed of regular strata of ancient 
sandstone and shale. It is evident that the summits of hills formed 
of the above-mentioned stratified rocks have, in some cases, been 
carried away by gaseous explosions, while at the same time no lava, 
and often a very small quantity only of scoriae, has escaped from the 
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iiewlj formed cavity. There is, indeed, no feature in the Eifel vol- 
canos more worthy of note, than tlie proof** they afford of very 
copious aeriform discharges, unaccompanied by the |Kiuring out of 
welted matter, except, here and there, in very insignificant volume, 

I know of no other extinct volcanos where gaseous explosions of such 
magnitude have l>een attended by the emission of so small a quantiiy 
of lava. Yet I looked iu vain in the Kifel for any appearances 
which could lend support to the hypothesis, that the sudileu rushing 
out of such enormous volumes of gas had ever lifted up the stratified 
rocks immediately around the vent, m as to form conical masses, 
liaving their strata dipping outwards on all sides fnvni a central axis, 
as is assumed in the theory of elevation craters, alluded to iu Chap. 
XXIX. 

Trass . — In the Lower Kifel, eruptions of tracdiytic lava preceded 
tlie emission of eunxmts of basalt, an<l immense (pmntities of pumieo 
were thrown out wherever traehyte issued. T1 h‘ lufm'eotis alluvium 
called trass, which has eov(‘red largt‘ areas in tins region and choked 
up some valleys now partially n^-<‘xeavated, is uustrutili(‘d. Its base 
consists almost entirely of pumice, in which are inelmhal IVagmeiits 
of basalt and other lavas, pieces of burnt shale, slate, and samlstone, 
and numerous trunks and brandies of lre(‘s. If, as is probabh*, this 
trass was formed during the period of volcanic eruptions, it may have 
originated in tlie manner of the moya of tin? And<*s. 

We may easily conceive tliat a similar mass might now bo pro- 
duced, if a copious evolution of gases should occur in one of the Inke- 
basins. The water might remain for weeks in a state of violmit 
elaillition, until it became of the consistency of mud, just as tlici sea 
<*(mliuued to be charged with red mud round (Jnihaur.s Island, in the 
Mediterratieau, in the year 1H31. If a breach should then be made 
iu the side of tlie cone, the flood would sweep away gn*at heaps of 
ejected fragments of shale and Baudstone, whiidi \vouId be borne 
down into the adjoining valleys. Forests might be torn up by sudi 
a flood, and thus th<! occurrence of the numerous trunks of trees dis- 
persed irregularly through the trass, can be exjilaiued. 

The manner in which this tru^^s conforms to the shape of tln^ 
present valleys implies its comparatively modern origin, probably 
not dating farther back than the Post-plioeeni?, or, at furthest, 
the Newer Pliocene period. Of like imul<Tn date are numerous 
])erfect cones of scoria* and some streams of lava which occur in the 
Eifcl, as, for example, the small cones with craters near Andcriiach, 
on the left bank of the Rhine, and the columnar hiva of lh*rtrich- 
Paden, betwx'cn Treves and Coblcntz, of which I have given a figure 
at p. 612. 

Hungary. — M- Bcudant, in his elaborate w^mk on Hungary, de- 
scribes five distinct groups of volcanic rocks, wliich, altliough no- 
wdiere of great extent, form striking features in the physical geo- 
graphy of that country, rising as they do abruptly from extensive 
plains composed of tertiary strata. They may have constituted 
islands in the ancient sea, as Santorin aud Milo now do in the Gre- 
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clan Archipelago ; and M. Beudant haa remarked that the mineral 
products of the last-incntioned islands resemble remarkably those of 
the Hungarian extinct volcanos, where many of the same minerals, 
as ojial, caleedony, resinous silex {silex tesinite), j)earlite, obsidian, 
and pitchstoue al>ound. 

The Hungarian lavas are chiefly felspathic, consisting of different 
varieties of tra<*l)yte ; many are cellular, and used as millstones ; 
some so porous and even scorifonn as to resemble those which have 
issued in the 0[)en air. Pumice occurs in great quantity ; and there 
are conglomerates, or rather breccias, wherein fragments of trachyte 
are bound together by i)UTniceou8 tuff, or sometimes by silex* 

It is probable that those rocks were permeated by the waters of 
hoi springs, impregnated, like the GeyHcrs, with silica; or, in some 
instances, perhaps by aqueous vapours, which, like those of Lance- 
rote, may have precipitated hydrate of silica. 

By the influence of such springs or vapours the trunks and 
brancljes of trees washed down during floods, and buried in tuffs on 
the flanks of the mountains, are su]q)Osed to Jiave become silicified. 
It is scarcely possible, says M. Beudant, to dig into any of th(3 
pumiceous deposits of tliese mountains without meeting with opalized 
wood, and sometimes entire silicified trunks of trees of great size 
and weight. 

It appears from the species of shells collected ])rinripally by M. 
Bou6, and examined by M. Deshnyes, that the fossil remains em- 
bedded in the vol<*anie tuffs, and in strata alternating with them in 
Hurigary, are of the Miocene type, and not identical, as was formerly 
su])])osed, with the fossils of the Paris basin. 
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CHAPTER XXXIL 

ox THE DIFFERENT AGES OF THE VOLOAXK KOt'K« — Continued, 

Volcanic rocks of the Tertiary period, continued - Kxtinct rolcauos of Auvergne — 
Mont Dor — Breccias anti aUu\iuiiis of Moni Perrier, with Umes of quadrufhjds 
— Kiver dainmctl up by lava-current lUn^e ol minor rones from Auvcrgin^ to 
the V^ivarais — Monu Dome Puy dc (.’oim — Puy do Pariou Cones not de- 
nuded by general flood— Ix)wer Miocene volcanic ro< k8 near ('lermoi)l — Hill of 
Gergovia — Kocene volcanic rocks t»f Monte Holca — Trap of Cn'tm'coas period 

- Oolitic period New Red SandHtone jK*n<)d — CarlMuiireroiis iwriod “ Rock 
and Spindle” near St. Amlrew's — Obi Ited Sandstone period Silurian jHiriod 

- Cauilirian j}criod~ I..aureniiun volcanic rocks. 

Volcanic Jiocks of Auverf/nc, — The exliiict volcanon of Auvergno 
and Cantal in Central Franco, s(*cin to have comnn^nced their erup- 
tions in the Lower Miocene period, hut to have bt‘en most active 
during the Up[)er Miocene and Pliocene eras. I have already 
alluded to the grand succession of events, of which there is evidence 
ill Auvergne since the last retreat of the sea (see p. 22().), 

The earliest inonunicuts of tlie tertiary jxtriod in that r(‘gion are 
lacustrine deposits of great thickness (2. tig. 728. p. (>79.), in the 
lowest conglomerates of which are rounded ]>ehbles of (jiiartz, inica- 
seliist, granite, and otln*r non-volcauie rocks, without the slightest 
inrermixture of igneous products. To these eonglomerateH sueceed 
argillac(*ous and calcareous marls and limestones (3. fig. 728.), con- 
taining Lower Miocene shells and bones of inaiiunalia, tln^ liigher 
beds of which sometimes alternate with volcanic tuff of contempo- 
raneous origin. After the filling up or drainage of the ancient 
lakes, huge piles of trachytic and liasaltic rocks, with volcanic 
breccias, accumulated to a thickness of several thousand feet, and 
w^ere 8U}»erimfK>sed upon granite, or the contiguous lacustrine 
strata. The greater portion of tln^se igneous rocks apjiear to have 
originated during the Lpper Miocene and Pliocene periods; and 
extinct quadrupeds of those eras, belonging to the genera Mastodon, 
Rhinoceros, and others, were buried in ashes and beds of alluvial 
sand and gravel, which owe their preservation to overspreading 
sheets of lava. 

In Auvergne, the most ancient and conspicuous of the volcanic 
masses is Mont Dor, which rests immediately on the granitic rocks 
standing apart from the freshw^ater strata.* This great mountain 


* See the Blap, p. 191. 
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ri«*C8 suddenly to the height of several thouBand feet above the Bur- 
rounding platform, and retairiH the shape of a flattened and somewhat 
irregular cone, ail tlie Bides sloping more or less rapidly, until their 
inclination is gradually lost in the high jdain around. This cone is 
composed of layers of scoriae, pumice-stones, and their fine detritus, 
with interposed beds of trachyte and basalt, which descend often in 
uninterniptf'd sheets until they r^^ach and spread themselves round 
the base* of the mountain.* Conglomerates, also, oom[K)sed of angu- 
lar and rounded fragments of igneous rocks, are observed to alter- 
nate with the above; and the various masses are seen to dip off 
from the central axis, and to lie jiiirallel to the sloping flanks of the 
mountain. 

Tli(^ summit of Mont Dor terminates in seven or eight rocky peaks, 
wliere no regular crater can now be tracc’d, but where we may easily 
imagine one to have existeil, wliich may have been shattered by 
eartlujuakc's, and have Fiiffered degradation by aqueous agents. Ori- 
ginally, })<*rliaps, like the higest crater of Etna, it may have formed 
an insigiiiii(*ant feature in the great pile, and may frequently have 
been destroyed and renovated. 

Aceonliiej: to some g(*ologists, tliis mountain, as well as Vesuvius, 
lOlna, and all large volcanos, has d(‘rivtMl its doinc-like form not 
from the ]>re()onderjince of eruptions from one or more central 
points, hut from tin; upheaval of horizontal beds of lava and scoria?, 
1 have explained my reasons for oh)<*eting to this view in C'liap. 
XXIX., when speaking of Palm a, ami in the “Principles of (ieo- 
logy/'l The average inclination of tlie dome-shap(‘d mass of Mont 
Dor is ()', wh(*reas in Mounts Loa and Kea, before mentioned, iu 
tli(‘ Stindwicb Islands (see lig. (>93. p. 617.), the flanks of which 
Imve lM‘(m raised by recent lavas, we find from Mr. Dana’s descrip- 
tion tliat the one has a slope of 6^ 30', tlie other of 7° 46'. There is 
therefore no reason whatevcT for imagining, ns some have supposed, 
tliat the basaltic currents of the ancient French volcano were at 
first more horizontal than they are now. Nevertheless it is possible 
that during the long series of eruptions required to give rise to so 
vast n pile of volcanic matter, which is thickest at the summit or 
centre of the dome, some di>loeation and upheaval took place ; and 
during the distension of the mass, beds of lava and scoriae may, in 
some places, have acquired a greater, iu others a less inclination, than 
that which at first belonged to them. 

llespecting the age of the groat mass of Mont Dor, we cannot come 
at present to any positive decision, because no organic remains have 
yet been found in the tuffs, except impressions of the leaves of trees 
of species not yet determined We may confidently assume that the 
earliest eruptions were posterior in origin to those grits and con- 
glomerates of the freshwater formation of the Limagne which con- 
tain no pebbles of volcanic rocks ; while, on the other hand, some 

* Scrope’s Central France, p. 98. 

t See chaps, xxiv., xxv., aud xxvi., 7th, 8th, and 9th editions. 
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eniptioTifi took place bt^fore the great lakea were drained, and other# 
occurred after t!ic desiccation of those lakes, and when deep valleys 
had already been excavated through freshwater strata. 


Ft|t. 72*. 

CfTTin. 



Section from Ibe Tallej oMhe Coute at Nerhera. thrttueh Moiit r»*rrirr and iMOlre, to Ihe ValJejr 
of U»e Allier and the Tour dn Auvergno. 

10. I^i»a-rurreiit of Tartarot near it* tennina- 5. Lower tmne.lMNi of Perrier, oclircout Wind 
tion at Nerljcri and gravel. 

9. Honr-l>ed, red landy fhty under the lava of 4rf. IJ ituUir dike. 

Tartaret- 4. H «'*a!t»c plntnirm. 

-d of the Tour de Itonlade. 3. I j’prr fr^tliwaler bed*, liinetione, marl, 

7. Alluvium newer than No. <1. 

t). Alluvium with hoitet of lih>no]Hitamu*. S. Lower freshwater formation, red clay, grtN'u 

->c I ra('h}t>(' hr«M< U re»rmUlin^ '»«. *.tiid, &c. 

^ A U|«}Kn bone. bed of Pi rrier, jiv^ve'. Are. I. (ir.intte. 

ft a. Pumiceou* !• eoctA anil ronjjlMmerao*, angu> 
iar ituvici ol trachytt .quartx, pebble*, .xc- 


In the nhove H(*ctinn I hav<‘ endeavoured to explain tln^ gcolngiesl 
stnieture of a portion of Auvergne, which I re-cxHinincd In 
It may convey some idini to the reatlcT of tiu' long and complicated 
series of evtnits wliicli haNe occurred in tliat eonntry, hinee tin* first 
lacustrine strata (No. 2.) wu*n! d(*posite(l on the graniU* (No, 1.). 
The changes of which we have t‘vidence are the tnort* striking, be- 
cause they imfily great denudation, without there Inking any proofs 
of the inttU’vention of tlie sea during the whole period. It will he 
seen that the upper f^e^l^ water beds (No. 3.), once formed in a lake, 
must have suffered great destruction ludore tin* excavation of the 
valleys of the Couze and Allier had h<^gun. In these fresh wat<*r 
be<ls, Lower Miocene fo'ssils, as described in (/hap. XV., have been 
found. The basaltic dike, 4', i^ one of many examfdes of the intru- 
sion of voh‘anic matter through the a!ii‘i(‘nt freshwater beds, ami 
may have be(*n of Miocene or Pliocene date, giving rise, wdien it 
reached the surface and overflowed, to such platforms of basalt as 
often ea[» the tertiary hills in Auvergne, and one of which (4) is seen 
on Mont Perrier. 

It not unfrefjuently happens that lK*ds of gravel containing bones 
of extinct mammalia are detected under these very ancient sheets of 
basalt, as between No. 4. and the freshwater strata, No. 3., at A., 
from wdiieh it is clear that the surface of No. 3. formed at that period 
the lowest level at which the waters then draining the country flowed. 
Next in age to this basaltic platform comes a patch of ochreoussand 
and gravel (No. containing many bones of quadrupeds. Upon 
this rests a pumieeous breccia or conglomerate, with angular masses 
of trachyte and some quartz pebbles. This deposit is followed by 5 b 
(which is similar to o) and 5 c similar to the trachytic breccia 5 a. 
These two breccias are supposed, from their similarity to others found 


See Qnarterij GeoL Joum., voL ii. p. 77. 
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on Mont Dor, to hare descended from the flanks of that mountain 
during eruptions ; and the interstratified alluvial deposits contain 
the remains of mastodon, rhinoceros, tapir, deer, beaver, and quatlni- 
peds of other genera, referable to about forty species, all of which 
are extinct. I formerly supposed them to belong to the same era as 
the Miocene fuluns of Touraiue ; but more recent researches seem 
to sliow that they ought rather to be ascribed to the older Pliocene 
epoch. 

Whatever be their date in the tertiary series, they are quadrupeds 
which inhabited the country when the formations o and 5 c ori- 
ginated. Probably they were drowned during floods, such as rush 
'down the flanks of volcanos during eruptions, when great bodies of 
steam are emitted from the crater, or when, as we have seen, both on 
Etna and in Iceland in modern times, large nm.sses of snow are sud- 
denly melted by lava, causing a deluge of water to l>ear down frag- 
ments of igneous rocks mixed with mud to the valleys and plains 
b(‘l()w. 

It will he seen that the valley of the Issoire, down which these 
ancient inundations swc[>t, was first excavated at tlie expense of the 
fomiations 2, 3, and 4, and then filled up by the masses 5 and 5 c, 
after which it was re-excavated before the more modern alluviums 
(Nos. () and 7.) wore formed. In these again other fossil mammalia 
of distinct species have been detected by M. Bravard, the bones of 
an hippopotamus Iniving been found among the rest. 

At lengtli, when the valley of the Allier was eroded at Issoire 
down to its lowest level, a talus of angular fragments of basalt and 
freshwater limestone (No. H.) was formed, called the bone-bed of the 
Tour do Boulade, from which a great many other Newer Pliocene 
mammalia have been collected by MM. Bravard and Ponitd. 
Among these, the Elephas primigeuius, B hinoceros tichorimis^ 
Deer (including rein-deer), Eguiis, Bos, Antelope, Fells, and Canis 
were included. Even this deposit seems hardly to be the newest 
in the neighbourhood, for if we cross from the town of Issoire 
(see fig. 728.) over Mont Perrier to the adjoining valley of the 
Couze, wc find another bone-bed (No. 9.) overlaid' by a current of 
lava (No. 10.). 

The history of this lava-current, which terminates a few hundred 
yards below the point. No. 10., in the suburbs of the village of 
Nechers, is interesting. It forms a long narrow strij)e more than 13 
miles in length, at the bottom of the valley of the Couze, which 
flows out of a lake at the foot of Mont Dor. This lake is caused 
by a barrier thrown across the ancient channel of the Couze, 
consisting partly of the volcanic cone called the Puy de Tartaret, 
formed of loose scoriae, from the base of which has issued the lava- 
current before mentioned. The materials of the dam which blocked 
up the river, and caused the Lac de Chambon, are also, in part, de- 
rived from a landslip which may have happened at the time of the 
great eruption which formed the cone. 

This cone of Tartaret affords an impressive monument of the very 



Ch. XXXIIO T0LCAN08 OF AUTERGNE* 681 

different dates at whicii the igneous eruptions of Auvergne have 
happened ; for it was evidently thrown up at the bottom of the exiat- 
ing valley, which is bounded by lofty precipices composed of ^he<*ts 
of ancient columnar trachyte and basalt, which once flowed at very 
high levels from Mont Dor.^ 

When we follow' the course of the river Couxe, from its source in 
the lake of Chambou to the termination of the lava-current at 
Nechers, a distance of thirteen miles, we find that the torrent has in 
most places cut a deep channel through the lava, the lower portion of 
which is columnar. In some narrow' gorg(‘s the w'Rter has even had 
power to remove the entire mass of basaltic rock, tlmiigh the W’ork 
of erosion must have been very slow’ as the bafiilt is tough and 
hard, and one column after another must have lH*en undermined 
and reduced to pi‘hbles, and then to saiid. During the time re- 
quired for this Operation, the perishable cone of Tartaret, composed 
of sand and lishes, has stood uninjured, proving that no great flood 
or deluge ran have passed over this region in the interval betw’ecti 
the eruption of Tartaret nrnl our own times. 

If w’c now return to the s(‘ctioii (lig. 728.), I may observe that the 
lnva-curn*nt of Tartaret, whieh has diminished greatly in height and 
volume near its termination, pre^enU here a steep and perpendicular 
face 25 feet in height tow’ards the river. Itenenth it is the alluvium 
No. 9., consisting of a red .sandy clay, which must have covered the 
bottom of the valley whcni the current of melted rock flowed down. 
Tlie bones found in this alluvium, w hich 1 obtained myself, eon.'*isted 
of a sj)ecies of tield-rnouse, Arvicola^ and the molar tooth of an vx^ 
iiuvX home, Ia/uhs / os,siIis, The other species, obtained from the 
same bed. are referable to the gt’nera Jios, Census, Ftlis, 
diaries, Talpa, Sorex, Lr/)us, Sciurus, Mus, ami Lat/omps, in all no 
less than forty-three sj^ecies, all clo.^fely alli<‘d to recent animals, yet, 
nearly all of them, according to M. Itravard, show ing some points of 
difierence, like tliose which Mr. Owren discovered in the ease of the 
horse al>ove alluded to. The bones also of a frog, snake, and lizard, 
and of several birds, w’ere associatc’d wdth the fossils befon^ enu- 
merated, and several recent land-shells, iiuch as Cyclosfoma efeynns. 
Helix hortenaw, //. nemoralis^ If, lapicida, and Clausilia rugoaa^ If 
the animals were drowned by floods, which aceompanied the eruptions 
of the Puy de Tartaret, they would give an exceedingly modmi 
geological date to that event, which must, in that case, have l>elonged 
to the end of the Newer Pliocene, or, perhaps, to the Post- pliocene 
period. That the current which has issued from the Puy de Tartaret 
may, nevertheless, be very ancient in reference to the events of human 
history, we may conclude, not only from the divergence of themam- 
miferous fauna from that of our day,^but from the fact that a Roman 
bridge of such form and construction as continued in use down to 
the fifth century, but which may be older, is now seen at a place 

* For a view of Puy dc Tartaret and Mont Dor, see Scrope’s Voleanos of 
Central France. 
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about a mile and a half from St. Nectaire. This ancient bridge 
spans the river Couze with two arches, each about 14 feet wide. 
These arches spring from the lava of Tartaret, on l>oth banks, show- 
ing that a ravine precisely like that now existing, had already been 
excavnUnl by the river through that lava thirteen or fourteen cen- 
turies ago. 

In C(*ntral France th(?re are several hundred minor cones,' like that 
of THrtrtr<‘t, a gr(*at number of which, like Monte Nuovo, near Naples, 
may have been principally due to a single eruption. Most of these 
cones rarig(; in a linear direction from Auvergne to the Vivarais, and 
they wore faithfully descrihe<l so early as the year 1802, by M. de 
Mtjntlosier. They have giv(*n ris(* cliielly t^) currents of basaltic 
lava. Those of Auvergne called the ^lonts Dome, placed on a gra- 
nitic platform, form an irregular ridge (see fig. (>24. p. o80.), about 18 
miles in length and 2 in breadth. They are usually truncated at 
till* summit, when? the crater is often preserv(‘d entire, the lava having 
issued from the base of the hill. Ilut freijuently the crater is broken 
down on orui sidi?, where the lava lias flow(‘d out. The hills are com- 
posed of loose Hcoriic, blocks of lava, lapilli, and pofezuolana, with 
fragments of trachyte and granib'. 

Pny de Come. — I'he Puy de Come and its lavn-current, near 
Clerrmnit, may be mentioned us one of tlieso minor volcanos. This 
conical hill rises from the granitic platform, at an angle of l»etween 
dO’ and 40', t(» tin? height ol more than 9(K) feet. Its summit j>re- 
sents two distinct craters, one of them with a vertical depth of 2d0 
feet. A stream of lava takes its rise at the western base of the hill 
instead ol issuing Irom tdther cratm*, and d(‘scends {lie granitic slope 
towards the present site of the town of Pont Gihand. Thence it 
jmurs in a broad shei*! down a steep declivity into the vall(‘y of the 
Sioide, lining the ancient river-channel for the distance of more tliau 
a mile. Ihi* Sioule, thus dispossessed of its bed, bus worked out a 
fresh one between the lava and the granite of its wesU'rn bank ; and 
the excavation has disclosed, in one spot, a wall of columnar basalt 
about dO feet high.* 

The excavation of the rairine is still in progress, every winter some 
columns of basult b(‘ing undermined and carried down tlie channel 
of the river, and in the course of a few miles rolled to sand and 
jiebbles. Meanwhile tlie cone of Come remains unimpaired, its 
loose materials being protected by a dense vegetation, and the hill 
standing on a ridge not commanded by any higher ground, so that 
no floods of rain-water can descend upon it. There is no end to the 
waste which the hard basalt may undergo in future, if the physical 
geography of the country continue unchanged, no limit to the number 
of years during which the f^np of incoherent and trans[K)rtable 
materials called the Puy de Come may remain in a stationary con- 
dition. In this place, therefore, we l)ehold in the results of aqueous 
and atmospheric agency in past times, a counterpart of what we 
must expect to recur in future ages. 

* Scrope’fi Central France, p. 60, and plate. 
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Lava of Chaluzet , — At another point, farther down the course of 
the Sioule, we find a second illustration of the same phenomenon in 
the Puj Rouge, a conical hill to the north of the village of PranaK 
The cone is composed entirtdy of red and black wcoriaj, tulF, and vol- 
canic bombs* On its western side, towards the village ot Chaluzel, 
tiu're is a worn-down crater, whence a powerful stream of lava has 
issuc 3 d, and flowed into tlie valley of the Sioule. Tl)e river has siun* 
excavated a ravine through the lava and subjacent gneiss, to the 
df?j)th in some plac<*H of 4CK) feet. 

On the upper part of the pn‘cipice forming tlie left sidt* of this 
ravine, we see a great mass of black and red scorijRU‘<ujs lava be- 
coming more and more columnar towards its base, fig. 729.) 


Fi/?. 739. 



Lav.i'CUrrciU of CtMluiet, Auvergor, near iti 

Below this is a bed of sand and graved 3 feet thick, evidently an 
ancient river-bed, now at an elevation of 25 feet above the channel 
of the Sioule. This gravel, from which water guslies out, rests upon 
gnei.s.s,/, which has been cro<led to the depth of 25 feet at the point 
where the annexed view is taken. At^i), close to tlie village of Les 
Combres, the entrance of a gallery is seen, in which lead lias been 
worked in the gneisg. This mine shows that tlie pebble-lxid is con- 
tinuous, in a horizontal direction, beUvecn the gneiss and the volcanic 
mass. Here again it is quite evident, that, while the basalt was gra- 
dually undermined and carried aw’ay by the force of running water, 
the cone whence the lava issued escaped destruction, b<?cause it »tof)d 
upon a platform of gneiss seveml hundred feet above the level of the 
valley in which the force of running water was exerted. 

• LycU and Murchison, Ed. New Phil Joum., 1829. 
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Puy de Pariou . — The brim of the crater of the Puj de Pariou, 
near Clennoni, i» so sharp, and hm been so little blunted by time, 
that it scarcely affords room to stand upon. This and other cones 
in an equally remarkable state of integrity have stood, I conceive, 
uninjured, not in spite of their loose {>orous nature, as might at first 
bo naturally supposed, but in consequence of it. No rills can collect 
'where all the rain is instantly absorbed by the sand and scori®, as 
is remarkably the case on Etna ; and nothing but a waterspout break- 
ing directly upon the Puy de Pariou could carry away a portion of 
the hill, long as it is not rent or engulphed by earthquakes. 

Hence it is conceivable that even those cones which have the 
freshest aspcKit and most perfect siiaj>e may lay claim to very high 
ariti(juity. Dr, Daubeny has justly observed, that had any of these 
volcanos been in a state of activity in the age of Julius Ciesar, that 
general, who eiieamjK?d upon the ))lain8 of Auvergne, and laid siege 
to its priiici{)Hl city (Gergovia, near Clermont), could hardly have 
failed to notice tliem. Had there been any record of their eruptions 
in the time of Pliny or Sidonius Apollinaris, the one would scarcely 
have omiltefl to nmk(‘ mention of it in his Natural History, nor the 
other to introduce some allusion to it among tlu; descriptions of this 
bis native province. This poet’s re^idence w'as on tlie borders of the 
Lake Aidat, which owed its very existence to the damming up of a 
river by one ot* the most modern lava-currents.* 

Ptomh da CfnttaL — In regard to tlie age f)f the igneous rocks of 
the C'antal. we can at prestuit merely allirin, that they overlie the 
L(nver Miocem' lacustrine strata of that country, which may l»e 
partly Upper Eocene and partly Lower Mit>eene (s(‘e Map, p. 219.). 
They form a great dome-shaped mass, having an average 8l()})e of 
only 4*^, w’hich has evidently been accumulated, like the cone (»f 
Etna, during a long series of eruptions. Jt is composed of trachytic, 
phonoliticj^nd basaltic lavas, tuffs, and conglomerates, or breccias, 
forming a mountain several thousand feet in height. Dikes also of 
phonolite, trachyte, and basalt are numerous, especially in the neigh- 
iMuirhocMl of the large cavity, probably once a crater, around which 
the loftiest .summits of theCantal arc ranged circularly, few’ of them, 
except the Plomb du Cantal, rising far above tlie border or ridge of 
this supfiosed crater. A pyramidal hill, called the Puy Griou, occu- 
pies the middle of the cavity It is clear that the volcano of the 
Cantal broke out precisely on tlie site of the lacustrine deposit be- 
fore described (p. 227.), which had accumulated in a depression of a 
tract composed of micaceous schist. In the breccias, even to the 
very summit of the mountain, w’e find ejected masses of the fresh- 
"water beds, and sometimes fragments of flint, containing Lower 
Miocene shells. Valleys radiate in all directions from the central 
heights of the mountain, increasing in size as they recede from those 
heights. Those of the Cer and Jourdanne, which are more than 20 
miles in length, are of great depth, and lay open the geological struc- 

• Daubeny on Volcanos, p. 14. 

t Mem. de la Soc. Geol de France, tom. i. p. 175. 
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ture of the mountain. No aiternation of lavas with umiisturbetl lacus- 
trine strata has been observed, nor anr tuffs containing freshwater 
shells, although some of these tuffs include fossil remains of U*rrt‘strial 
plants, said to imply several distinct restorations of the vegetal u»n 
of the mountain in the intervals between great eruptions. On the 
northerii side of thePhunb du Cantal, at Vissiere, near Murat, is 
a spot, pointed out on the Map (p. 219.), where freshwater limestone 
and marl are seen covered by a thickness of alM>ut 80i> feet of 
volcanic rock. Shifts are here seen in the strata of limestone and 
marl.* 

In treating of the lacustrine deposits of Ciuitral France, in the 
fifteenth chapter, it was stated that, in the arenaceous and |H'hhIy 
group of the lacustrine basins of Auvergin*, C'anlal, and Velay, no 
volcanic pebbles had ever lK*en detected, although massive piles of 
igneous rocks are now fouml in the immediate vicinity. As this 
observation has been confirtntMl by minute research, we are warranted 
in inferring that tlie volcanic eruptions had not commenced when 
the older subdivisions of the freshwater grou[>s originated. 

In Cantal and Velay n(» decisive proofs have yet been brought to 
light that any of tin* igneous outbursts happemed during tlui depo- 
sition of the freshwater strata; hut there can he no doubt that in 
Auvergne some vcdcanic explosions took [ilace before the drainage* 
of tint lakes, and at a time when tlie Lower Miocene species of animals 
and plants still flourished. Thus, for exam[»le, at Pont du Cliat(*au, 
near Clennont, a section is seen in a precipice on tin; right bank of 
the river Allier, in which b(*dsof volcanic tuff alternate with a fresh- 
water limestone, which is in some places pure, but in others spott(*(l 
with fragments of volcanic matter, as if it wf?rt‘ depOhited while 
showers of sand and scoriic were projected from u neighbouring 
vent.f 

Another example occurs in the Puy do Marmont, near Veyres, 
where a freshwater marl alternates with volcanic tuff containing 
Pliocene shells. The tuff or breccia in this locality is jirecisely such 
as is known to result from volcanic ashes falling into water, and suh- 
siding together with ejected fragments of marl and other stratified 
rocks. These tuffs and marls are highly inclined, and traversed by 
a thick vein of basalt, which, as it rises in the hill, divides into two 
branches. 

Gergovia , — The hill of Gergovia, near Clermont, affords a third 
example. I agree with MM. Dufrenoy and Jola rt that there is no 
alternation here of a contemporaneous sheet of lava with freshwater 
strata, in the manner supposed by some other observers J ; hut the 
position and contents of some of the associated tuffs prove them to 
have been derived from volcanic eruptions which occurred during the 
deposition of the lacustrine strata. 

The bottom of the hill consists of slightly inclined beds of white 

♦ See Lyell and Murchison, Ann. dc Sci. Nat., Oct. 1829. 

t See Scroj)c’s Centra] France, p. 21. 

J Sec ibid., p. 7. 
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a!»(l greenish raarls, more than 300 feet in thickness, intersecte<i by a 
dike of basalt, which may be studied in the ravine above the village 
of Merdogne. The dike here cuts through the marly strata at a con- 
siderable angle, jinelueing, in general, great alteration and confuniou 
in them for some distance from the point of contact. Above the 
white and gr(‘(*n marls, a series of beds of limestone and marl, con- 
taining fn^^hwater shells, are seen to alternate with volcanic tuff. 
In the lowest part of this division, beds of pure marl alternate with 
compact tissile tuff, resembling home of the subaqueous tuffs of Italy 
and Sicily called peperinos. Occasionally fragments of scori® are 
\ i^ihlc in this ro<;k. Still liigher is sef*n another group of some 
thickness consisting exclusively of tutl* upon which lie other marly 


Fig. 730. 
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strata intermixed witli volcanic matter. Among tlie sjK*cies of fossil 
shells which 1 found in these strata were Mehuiia itiqvinata, a Unio^ 
and a Mtianopsis^ but they were not sufficient to enable me to deter- 
mine with precision the age of the formation. 

TluTe are many j)oints in Auvergne here igneous rock.s have 
been forced by subsv qiHmt injection through clays and marly lime- 
stones, in such a manner that the wlude has become blended in one 
confused and breceiated mass, between which and the basalt there is 
sometimes no very distinct line of demarcation. In the cavities of 
such mixed rocks we often find calecdony, and crystals of mesotype, 
stilbite, and arragonite. To formations of this class may belong 
some of the breccias immediately adjoining the dike in the hill of 
Gergovia ; but it cannot be contended that the volcanic sand and 
hcorire interstratified with the marls and limestones in the upper 
part of that hill were introduced, like the dike, subsequently, by 
intrusion from below. They must liave been thrown down like 
sediment from water, and can only have resulted from igneous action, 
which was going on contemporaneously with the deposition of^ the 
lacustrine strata. 

The reader will bear in mind that this conclusion agrees well with 



Ch. XXXIL] 


EOCENE VOLCANIC ROCKS, 


687 


the proofjj, adverUnl to in the ilfleeitth chapter, of the ahundaneo of 
&ilex, travertin, and gypsum pixrcipiiatcd when the upper hieunirine 
strata were formed ; for these rocks are such aatho waters of mineral 
and thermal springs might generate. 

Eoceite Volcanic Hocks, — The fissile limestone of Monte Uolca, 
near Verona, has for many centuries Inxm ctdehratod in lUily for tl»e 
nunilier of perfect lehthyolites which it contains. Agassiaj has de- 
scril)ed no less than 133 s|M‘cies of fossil tish from this single dej)osit, 
and the multitude of individuals hy which many of the sjwcies are 
lepresented, is attested by the variety of spt cimens treasuretl U[) in 
the principal museums of Europe. They have Ikhu) all obtntncci 
from quarries worked exclusively by lovers of natural history, for 
the sake of the fossils. Had the lithographic stone of SolenhoAm, 
now regarded as so rich in fossils, been in lik(‘ manner (juurried 
solely for scientific ohj(‘cts, it would have remained almost a 
sealed hook to pala;onlologists, so sparsely an' the organic re- 
mains scattered through it. I visi«*d Mtmte llulea in conij)any 
with Sir Roderick Murchison in 1H2H. and we t!»en satisfied our- 
selves that the tish-hesiring struta formed part of the Eocem^ 
rocks of the adjacent Vicentine : we also ascertained that the 
associated volcanic products, consisting chiefly of peperino or 
brown basaltic tutf, were contiunporaneons and interstralified with 
marine deposits chargwl with the same fossils as those which cha- 
racterize the Middle Eocene group of Monte Rolca. In some of tlie 
tuffs nuinmulites are met with, and two species, Nummulites ylohulus 
and N. mille-capul^ were obtained hy Sir R. Murchison in a sulcw.’- 
quent visit from b(*ds interv<*ning between those which yield tlie <*hi<d‘ 
supply of fossil fish. We observed dikes of basalt cutting tlirough 
vast masses of the pcj»erino in Monte Pohtule, which adjoins Monte 
liolca. There is evidence here of a long scu ies of submarine volcaiuc 
eruptions of Eocene date, and during some <>f llnmi, as Sir U, Mur- 
chison has suggested, shoals of fish were probably destroyed by the 
evolution of heat, noxious gases, and tufaeeous mud, just as 
happened when Graham’s Island was tlirown up between Sicily and 
Africa in 1831, at which time the waters of the Mediterranean wt re 
seen to be charged with red mud, and covered with dead fish over 
a wide area.j 

Associated with the marls and limiislones of Monte Bolca are beds 
containing lignite and shale w'ith numerous plants, winch have been 
described by Unger and Massalongo, and referred hy them to the 
Eocene period. 1 have already eiUid (p. 288.) Professor IJeeEs 
remark, that several of the species are cominoi^to Monh? Bolca and 
the white clay of Alum Bay, a Middle Eocene deposit; and the same 
botanist dwells on the tropical character of the flora of Mont<* Bolca 
and its distinctness from the subtropical flora of the Lower Miocene 
of Switzerland and Italy, in which last there is a far more con- 
siderable mixture of forms of a temperate climate, such as the 

• Murchison, on the Structure of the t Principles of Geology, chap, xxvi., 
Alps, Quart. Gcol. Joarn., vol. v. p. 225. 9tb cd., j>. 432. 
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willaw, popUr, birch, elm, and otheris* All theae are wanting at 
Xfonte Bolca, while on the other hand the conifene are represented 
by flve s|K?cie8 of PodocarpuSy the Dicotyledons by the fig and 
sandal-wood tribe, and by some Proteacea. There are also many 
tropical forms of Leguminosay together with fau-palms, and a palm 
allied to the cocoa-nw^ with its fruit ; also, according to Massalongo, 
an orchidcous epiphyte. That scarcely any one of the Monte Bolca 
fish should have been found in any other locality in Europe, is a 
striking illiHtration of the extreme imperfection of the palseonto- 
logical record. We are in the habit of imagining that our insight 
into the geology of the Eocene |>criod is more than usually perfect, 
and we arc certainly acquainted with an almost unbroken succes- 
sion of assemblages of shells passing one into the other from the era 
of the Thanet sands to that of the Bemhridge beds or Paris gypsum. 
The general dearth, therefore, of fish raiglit induce a hasty reasoiier 
to conclude that there was a poverty of ichthyic forms during this 
long period; but when a local accident, like the volcanic eruptions 
of Monte Bolca, occurs, proofs arc suddenly revealed to us of the 
richness and variety of this great class of vertebrata in the Eocene 
sea. The number of genera of Monte Bolca fish is, according to 
Agassiz, no less than seventy-five, twenty of them peculiar to that 
locality, and only eight common to the antecedent Cretaceous period. 
No loss than forty-seven out of the seventy-five genera make their 
appearance for the first time in the Monte Bolca rocks, none of them 
having been met with as yet in the antecedent formations. They 
form a great contrnsSt to the fish of the secondary period, as, with the 
exception of the Placoids, they are all Teloosteans, only one genus, 
Pf/cnodasy belonging to the order of Ganoids, which form, as be- 
fore stated, the Vfist majority of the ichthyolites entombed in the 
secondary rocks. 

Cretaceous period . — Although we have no proof of volcanic rocks 
erupted in England during the deposition of the chalk and greensand, 
it would l>e an error to suppose that no theatres of igneous action 
existed in the ci-etaceous period. M, Virlet, in his account of the 
geology of the Morea, p. 205., has clearly shown that certain traps 
in Greece, called by him ophiolites, are of this date ; as those, for 
example, which alternate conformably with cretaceous limestone and 
greensand between Kastri and Damala in the Morea. They consist 
in great part of diallage rocks and serpentine, and of an amygdaloid 
with calcareous kernels, and a base of serpentine. 

In certain parts of the Morea, the age of these volcanic rocks is 
established by the firflowing proofs : first, the lithographic limestones 
of the Cretaceous era are cut through by trap, and then a conglo- 
merate occurs^ atNaupila and other places, containing in its calcareons 
cement many well-known fossils of the chalk and greensand, together 
with pebbles formed of rolled pieces of the same ophiolite, which 
appear in the dikes above alluded to. 

Period of Oolite and Lias ^ — Although the green and serpentinons 
trap rocks of the Morea belong chiefly to the Cretaceous era, as 
before mentioned, yet it seems that some eruptions of similar rocks 
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bejran during the Oolitic perkni*; and it ii» proluible that a largo 
pan of the trap[H^an inai»sea, called opliioHtea in the Apennines, and 
associated with the limestone of that chain, arc of conTS|xniding age. 

That some part of the volcanic wks of tin? Hebrides, in our own 
country, originated contemporaneously with the Oolite which they 
iraverjM? and overlie, has been ascertained l»y l^x)f. E. ForWs, in 
IS,3(). Some of the eruptions in Skye, for example, occurred at tin' 
close of the Middle and l^cfore the corninenceinent of the Uppi*r 
Oolitic period f 

Trap of the AVir Hed SamhUme period, — In the s<»u(hern part of 
IX'Vonshire, trappean rocks are as^oeinted with New He<l Sandstone, 
and, according to Sir IL l)e la Beehe, have not been intruded stihse- 
qiiently into the sandsiotte, hut were produced hy eontenipornneous 
volcanic action. Some hods of grit, mingie<l witli ordinary red marl, 
resemble vSands cjeei(*d from a crater; ami in the stratified conglo- 
ii)erat<*s occurring near l iverttm are many angular fragments of tr«[i 
porfiliyry, some of them one or two tons in weight, inti'rmingled with 
pebbles of other rocks. These angular fragments were probably 
thrown ont from volcanic veni«, and fell upon sedimentary matter 
then in the course of deposition. J 

Cmhotiiferoits period. — 'fwo classes of eonti inporant'ouji trap 
rocks ascertained by Dr. Fleming to occur in the coal-field 

of the Forth in Scotland. Tlie newest of these, connected with the 
higher series of eoal-rneasures, is widl exhibited along the shores of 
tln^ Forth, in Fifesliire, where they coUvsist of basalt with olivine, 
amygdaloid, greenstone, waeke, and tuAT. They appear to have been 
erupted while tlie sedimentary strata wen* in a horizontal position, 
at:d to have suffered the same dislocations which those strata have 
subsequently undergone. In the Vfdcanie tuffs of this age are found 
not only fragments of limestone, shale, flinty slate, and saiidstom*, 
but also pieces of coal. 

The other or older <das» of carbon ifero us traps are traced along 
the south margin of Stratheden, and constitute a ridge parallel with 
the Oehils, and extending from Stirling to near St. Andrews. They 
consist almost exclusively of greenstone, becoming, in a few instances, 
earthy and aroygdaloidal. They are regularly interstraiifled 
the sandstone, shale, and ironstone of the lower Coal-measures, and, 
on the East Lomond, with Mountain Limestone. 

I examined these trap rocks in 1838. in the cliffs soutli of St, An- 
drews, where they consist in great part of stratified tuff-, wdiich are 
curved, vertical, and contorted, like the associated coal-measures. In 
the tuff I found fragments of carboiiifcfrous shale ami limestone, and 
intersecting veins of greenstone. At one spot, about two miles from 
St. Andrews, the encroachment of the sea on the cliffs has isolated 
several masses of trap, one of which (fig, 731.) is aptly called the 

♦ BohJsre and Virict, Morea^ p. 23 . t He h*- Beche, Geol Proceeding*, 

t GeoL Qiuurt. Jouni., 1851, vol. vii. vol. ii. p. 198. 
p. 108. 


T T 



690 


CAHBOXIFEKOUS VOLCANIC BOCKS. [Cb. XXXU. 



Uoi'k ttiui Si. «i* Kt*«u lu iKtS. 

«. u«ilr»tifled tuff. b. culumiiAr greenstone. c. »lrrtUfled tuff. 


Fig. 73i* 


‘‘ rock and spindle,’’ ^ for it consists of a pinnacle 
of tuff, which may be compared to a distaff, and 
near the base is a mass of columnar greenstbne, 
in which the pillars radiate from a centre, and ap- 
pear at a distance like the spokes of a wheel. The 
largest diameter of this wheel is alx)ut twelve 
feet, and the polygonal terminations of the co- 
lumns are seen round the circumference (or tir^, 
as it were, of the wheel), as in the accompany- 

Tlio Rock,” as English rcadcis of Burns’s poems may remember, is a 
L term for a distaff. 
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ing figui’e. I conceive this mass to be tlie extremity of a ^string 
or vein of greenstone, which penetrated the tuff. Tlie prisms 
point in every direction, because they were surn>unded on all sides 
by cooling surfaces, to which they always arrange themselves at 
right angles, as before explained (p. (ill.). 

A trap dike was pointed out to me by Dr. Fleming, lu the parish 
of FHsk, in the northern part of Fifeshire, which cuts thnmgh the 
jrrey sandstone and shale, forming the lowest part of the Old Red 
Sandstone, but which may probably of carboniferous dat(». It 
may be traced for many miles, passing through th»^ amygdaloitlal 
and other traps of the hill culled NormnnV Law. In its course it 
affords a good exemplification of the passage from the trappeun into 
tlie plutonic, or highly erystalline texture. Professor (iustavus 
Rose, to whom I submitted specimens of this dike, finds the rock, 
which lie calls dolerite, to consist of greenish hlaek angite and La- 
brad^ir felspar, the latter being the most ahundanl ingredient. A 
small (pjaiitity ol‘ magnetic iron, perhajis titaniferons, is als<) prest iit. 
TIm* result of tliis analysis is iuten^stiiig, la^eause both tin* anci<‘iit 
jind modern lavas of Kina consist in like manner of angite, Labra- 
dorite, and titanifei’ous iron. 

Trap of the ()ld lied Sandstone periotl. — Ry n‘ferring to tlie 
seetiot» explanatory of the strueture of Forfarshin*, already given 
(}». 48.), the rea<ler will |K*rceivc tlmt hods of conglomerate, No. 8., 
<»eeur in the middle of the Old Red Sandstone system, 1, 2, d, L 
Tlie pebbles in these conglomerates are s()metim<‘H composed of 
granitic and quartzose rocks, HOin(*iimes exclusively of different 
varieties of trap, which last, although piirposidy omitted in the see- 
li<m referred to, is oft<*n found (dther intruding itself in aniorjdious 
masses and dikes into the old fossiliferous tilestom^s, No. 4., nr 
alternating with them in eontbrmahle beds. All tlie different 
<li visions of th(* n‘d sandstoiK*, 1, 2, 3, 4., are (H’ciisionally inter- 
seeled by dikes, but they are very rare in Nos. 1. and 2., the upper 
meinlKTs of the group consiNting of red shale and red sandstone. 
These phenoimfiiu, wdiich occur at the foot of th6 Cirampians, are 
repeated in the Sidlaw Hills ; and it appears that in this jiurt of 
Scotland voleanic eruptions W'ere most frequent in the earlier part 
of tlie Old Red Sandstone period. 

The trap rocks alluded to consist chiefly of fel.spathic jiorphyry 
and amygdaloid, the kernels of the latter being honietirnes < alca- 
reous, often calcedonic, and forming beautiful agates. We meet 
also with clay stone, clinkstone, greenstone, compact felspar, and 
tuff. Some of these rocks flowed as lavas over the Ixitfom of tlie 
sea, and enveloped qnartz pebbles which were lyings there, so as to 
form eougloinerates w'iih a base of greenstone, as is seen in Lumley 
Den, in the Sidhiw Hills. On either side of the axis of this chain of 
bills (see Boction, p. 48.), the beds of massive trap, and the tuffs 
composed of volcanic sand and ashes, dip regularly to the south-east 
or north-west, conformably with the shales and sandstones. But 
the geological structure of the IVntland Hills, near Edinburgh, showa 

T Y 2 
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that ignoous rocks were there formed during the newer part of the 
Devoiiiuii or “Old Ked’* j»eriod. These hills are 1900 feet high 
above the sea, and consist of conglomerates and sandstones of Upper 
Devonian age, resting on the inclined edges of grits and slates of 
Low’er Devonian and LT{)jK:r Silurian date. The contemporaneous 
volcanic rocks intercalated in this Upper Old Red consist of felspathic 
lavas, or felstonc', with associaUMl tuffs or ashy beds. The lavas 
were some of them originally compact, others vesicular, and these 
last have been converted into amygdaloids. They consist chiefly of 
felstoiH* or coiiipiict felspar. The Pentland Hills, say’ Messrs. Mac- 
laren and (ieikie, afford evidence that at the time of the Upper 
Old Red Saridsiouc, the district to the south-west of Edinburgh aviis 
for a long while the seat of a powerful volcano, which sent out 
massive streams of lava and showers of ash, and continued active 
until well-nigh the dawn of the Carboniferous period.*^ 

Silurian period , — It appears from the investigations of Sir R. 
Murchison in 8hropshin% that when the lower Silurian strata of 
that country wen* ficcninulating, there were frequent volcanic 
(TUptions beneath the sea ; and the ashes and scoriie then ejecU^d 
gave rise to a peculiar kind of tufaceous sandstone or grit, dissimilar 
to the other rocks of the Silurian series, and only observable in 
places where syenitic and otlier trap rocks protrude. These tuffs 
occur on the flanks of the Wrekiii and Caer Caradoc, and contain 
Silurian fossiU, such as casts of encrinites, trilohitCvS, and molus(;a. 
Although fosbiliferous, the stone resembles a sandy claystone of llie 
trap family.f 

'riiiii layers of trap, only a few inches tliick, alternate in some 
parts of Shropshire and Montgomeryshire w ith sedimentary strata 
i)f the lower Silurian system. This trap consists of slaty porpliyry 
and granular felspar rock, the beds being traversed by joints like 
those in the associated sandstone, limestone, and shale, and having 
the same strike ami dip.J 

In Radnorshire there is an example of twelve bands of stratified 
trap, alternating with Silurian schists and flagstones, in a thickness 
of 350 feet. The bedded traps consist of felspai- porphyry, clink- 
stone, and other varieties ; and the interposed Llandeilo flags are of 
sandstone and shale, with trilobites and graptolites.§ 

The Snowdonian hills in Caernarvonshire consist in great part of 
volcitnic tufts, the oldest of which are interstratified with the Bala 
limestone and slate. There are some contemporaneous felspathic 
lavas of this era, which, says Professor Ramsay, alter the slates on 
which they repose, having doubtless been poured out over them, in a 
melted state, whei'eas the slates which overlie them having been 
subsequently deposited after the lava had* cooled and consolidated, 
have entirdy escaped alteration. But there are greenstones asso- 

* Maclaren, Geology of Fife and p. 230. 

Lothians. Geikie, Trans. Royal Soc. + Ibid., p. 212. 

Edinburgh, 1860-1861. § Ibid,, p. 325. 

t Murchison, Silurian System, Slc,, 
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ciated with the same formation, which, although they are often 
conformable to the »late«, are in reality iutruaive rocka. They alter 
the t^iratihed depoaita both above and below them, ami wlieu traced 
to great dUlancetii, are somciimeH aeim to cut through the alntets ami 
to Hcnd off branches, Nevertheless, these greenstones apj^ar to 
l>elong, like the lavas, to the I^nver Silurian period. 

Cambrian Volcanic Jtovh. — The Lingula l»eds in North Wales 
have been described as 7(KK) feet in thickness. In the upiH*r 
portion of these deposits, volcanic luffs or ashy inaterialH an* inter- 
stratitied with ordinary muddy ^ediluellt, and hero and there a,*^M)- 
ciated with tliick beds of felspalhic lava. These ro<*ks form the 
mountains called the Arans and the Arenigs ; nuinerouM grtHUisiones 
are associated with them, which are intrusive, although they often 
run in the lines of bedding for a space. “Much of the ash,^ says 
Professor Kamsay, “ to have been sub-aerial. Islands, like 
(irahanrs Island, may have sometimes raised their (M^aters for various 
periods above the water, and by the w aste of such islands some of 
the ashy matter becaim* waterworn, wImuhm* tin* a>hy conglomerate. 
Viscous matter seems also to have been shot into tin* air as volcanic 
luMubs, which fell among the dunt ami broken crystals (that often 
form the ashes) before perfect cooling and consolidation had taken 
place.” * 

Lnunntian Volcanic Hocks . — The Laurent ian rocks in Canada, 
especially in Ottawa and Argenteuil, are the oldest intrusive masses 
yet known. They form a set of dikes of a fuie-grained dark grt^m- 
stone or dolerite, composcil of felsjmr and pyroxeene, with occasiimal 
scales of mica and grains of pyrites. 'Hieir width v aries from a few 
feet to a hundred yards, ami they have a columnar structure, tlie 
columns l)eing truly at riglit angles to the plane of the dike. Some 
of the dikt^s send off branches. Thene doleriu^s are cut through by 
intrusive syenite, and this syenite, in its turn, is again cut and 
IK netruted by felspar porphyry, the base of which coimists of petro- 
silex, or u mixture of orthoclase and quartz. All these trap rocks 
ujtpear to Ik: of Laurentian date, for the lowest fossiliferous rocks, 
huch as the Vambriaii or PoUdam sandstone, overlie eroded jKirtions 
of them.f Whether some of the various conformable crystalline 
rocks of the Laurentian series, such as tlie coarse-grained gninitoid 
ami porphjritic varieties of gneiss, t*xhibiting scarcely any signs 
of strati tication, some of the serpentines, may not also be of vol- 
canic origin, is a point very difficult to determine in a region which 
has undergone so much metamorphic action. 

* Geol. Quart. Joum., vok ix p. ITo , 

t Logati, Geology ul Canada, 



694 


PLUT02?IC BOCKS, 


[Cb. XXXllL 


CHAPTER XXXIIL 

PLtTONlC ROCKS — GRANITE. 

GonerjU aHjjcct of i^ninite — Derompown^ into Rpln ri< al maRRcs — Utnic coUironnr 
Rtnicture - Analo^^y and difTerenceof volcanic and plutonic formations — Minerals 
in jjranitc, and their urran^^'ment — Graphic and porphyritie j;ranitc — Mntual 
yKJnctration of crystals of rpiartz and felspar — Ocrnsioiml minerals — Syenite — 
Syenitic, talcos<% and schorly j^ranite«» — Kiirite — Pus'ia^^c of g^ranitc inf<» trap — 
Kxamjjles mar t^hrislianiu and in Aherdceiishire — A?ialoi:y in t;om|K>sition of 
trachyte and panitc — Granite veins in Glen Tilt, Cornwall, the Valorsine, ami 
<ither eoumries — Different coinp<Ksition of veins fr«»m main body of granite — 
Metalliferous veins in strata near their jnnelion with j;ranite — Apparent isolation 
of nodules of j^ranite — Quartz veins — Whether plutonie rocks are everovei- 
lying — Their exposure at the surface due to denmlatioii. 

The nx'ks may hr tn'atod of next in ordtT, as tln^v arc 

most nearly allied to llu^ volcanic class already consi<ler(Ml. 1 have 
d(‘scrihed, in the first chapter, tln‘se jdiitonic rocks as tlie un>tra- 
tified division of tlie crystalline or hypojytme fhnnations, and have 
stated (hat they differ from the volcanic rocks, not only hv their 
more crystalline tt*xtun‘, but also by the abstmee of tuffs and 
breccias, whicli are the jiroducts of eruptions at tlie earth's surface, 
<ir beneath seas of inoonsiderahle dejith. They difler also by tlie 
absence of pores or cellular cavities, to which the expansion of the 
entanjrled gases gives rise in ordinary lava. From these and other 
^K'ciiliarities it has lK?en infern^d, that the granites have Ix^en formed 
at considerable dejiths in tlie earth, and have cooled and crystallized 
slowly under great pressure, where the contained gases could not 
expand. The volcanic rocks, on the contrary, although they also 
have risen up from below, have cooled from a melted state more 
rapidly upon or near the surface. From this liypothesis of the 
great depth at which the granites originated, has been derived the 
name of “ Plutonie rocks.” The beginner will easily conceive that 
the influence of subterranean heat may extend downwards from tlic 
crater of every active volcano to a great depth below, perhaps 
several miles or leagues, and the effects which are produced deep in 
the bowels of the earth may, or nither must, be distinct ; so that 
volcanic and plutonie rocks, each different in texture, and sometimes 
even in composition, may originate simultaneously, the one at the 
surface, the other far beneath it. 

By some writers, all the rocks now under consideration have been 
conipi’ehonded under the name of granite, which is, then, understood 
to embrace a large family of crystalline and compound rocks, usually 
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found undcrlyiii!! nil other formations ; whereas we have seen that 
trap very conunonly overlies strata of different a^es. Granite often 
preserves a very uniform character throughout a wide range of 
territory, forming hills of a |K*euliar rounded form, usually clad with 
a scanty v(‘getation. Tlie surface of the rook is for the most pari in 
a crumhling state, and the hills are often surmounted by pih s of 
stones like the remains of a stratified imtss, ns in the annex(‘d figure, 



and sometinu*s like ln'iips of boulders, for whieh tlnw luivi* Imtu 
mistaken. Tin? ext(*rior of these .‘<toiu*s, originally (juadningular, 
acquires a rounded form by the aetitm of air and water, for the 
edges and anglc*s waste away more rapidly than the si<les. A 
similar spluu’ical structure has already Umui des<’rila*d a^ (diarae- 
teristic of basalt and other volcanic formations, and it must lx* n*- 
ferred to analogous eauw‘s, as yet but imperfeetly underHto«)d. 

Althoiigli it is the general pc»culiarity of granite to assurm* no 
delinite sha|><*>, it is nevertheless oecusiimally subdividcxl by Jis'<ure% 
so as to assume a cuboidal, and even a columnar, stnu'lure, Kx- 
arnples of llie^e api>earanees may be near the Land’s Eiul, in 

Corinvall. (Sc^e lig. 734.) 

The plutonic formations also agree with the v(d(‘anic in having 
veins or ramification.s jirooeeding from central rnasHcs into tln^ ad- 
joining rocks, and cau.sing alterations in these last, whieh will bir 
presently described. They also resemble trap in containing no 
organic remains ; but they differ in being more uniform in texture, 
wdiolo mountain masses of indefinite extcmt app(‘aring to have ori- 
ginated under conditions precisely similar. They also differ in 
never being scoriaceous or amygdaloidal, and never forming a 
jmrphyry w ith an uncrystalline base, or alternating xvith tuffs. Nor 
do they form conglomerates, although there is sometimes an in- 
sensible passage from a fine to a coarse-grained granite, and occa- 
sionally patches of a fine texture are imbedded in a coarser variety. 

Felspar, quartz, and mica are usually considered as the minerals 
essential to granite, the felspar Ixdng most abundant in quantity, and 
the proportion of quartz exceeding that of mica. These minerals 
are united in what is termed a confused crystallization ; tliat is to 
gay, there ig no regular arrangement of the crystals in granite, as in 
gneiss (see fig. 7o6. p. 725.X except in the variety termed grapliic 
granite, which occurs mostly in granitic veins. This variety i» a 
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r.ranlt« hairing a cuboiUul and rudp coluiTin.ir Rtrucmrc, Land’s End, Cornwall. 

compound of felsj>ar and quartz, so arranged as to produce an 
imperfect laminar structure. Tlie cry^tnls of felspar apja ar to have 
been first formed, leaving between them the space now occupied by 
the darker-eoloured quartz. This mineral, when a section is made 

Fig 73:. Fig. 736. 


Graphic g'anuc. 

Fig. Td’V. Section parallel to the himinie. 

Fig, 73ii. Section tramstei'jte to the laininie. 

at right angles to the alternate plates of felspar and quartz, presents 
broken lines, which have been compared to Hebrew characters. 
The variety of granite called by the French Pegmatite^ which is a 
mixture of quartz and common felspar, usually with some small 
admixture of ’white silvery mica, often passes into graphic granite. 

Ordinary granite, as well as syenite and eurite, usually contains 
two kinds of felspar : 1st, the common, or orthoclase, in which 
potash is the prevailing alkali, and this genei*ally occurs in large 
crystals of a white or flesh colour; and 2ndly, felspar in smaller 
crystals, in which soda predominates, usually of a dead white or 
spotted, and striated like albite, but not the same in composition.* 

♦ Dvlessc, Ann dcs Mines, 1852, t. iii. p. 409., and 1848, t. xiii. p. G75. 
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As n general rnle» quarts, iu a compact or amorphous state, forma 
a vitreous mas^^, serving as the base in which felspar and mica have 
crystallized ; for although these minerals are much more fusible 
than silex, they have often imprinted their shapes upon the quarts. 
This fact, apparently so paradoxicul, has given rise to much in* 
genious siH^eulation. We should naturally have anticipated that, 
during the cooling of the mass, the flinty portion would be the first 
to consolidate ; and that the different varieties of felspar, m well as 
garnets ami tourmalines, being more easily liquefied by heat, would 
be the last. Precisely the rt*ver8e lots taken place in the passage (»f 
most granite aggregates from a fluid to a solid stntt*, crystals of the 
more fusible minerals being found enveloj>ed in hard, transj)arcni. 
glassy quartz, which has often taken very faithful oasts f>f each, so 
as to preserve ev(*n the microscopically minute striations on the 
surface of prisms of tourmaline. Various explituntions of this phe- 
nomenon have been propo.sed by MM. de Bt‘nuinont, Fournel, atnl 
JJtiroeher. T'liey refer to M. (iaudiji*s exptu'iments on the fusion 
of quartz, which show that silex, ii» it cools, has the projHTty of 
remaining in a viscous state, wlien‘as alumina nevcT does. This 
‘‘gelatinous flint” is supposed to retain a coiisiderabh^ degree of 
plasticity long after the grunilic mixture has acquired a low tem- 
perature ; and M. E. de Beaumont suggests that electric actioti nuiy 
prolong tin* duration of tlie viscosity of silex. OccasionRlly, how- 
ev'cr, we find the quartz and felspar mutually imprinting tlnur forms 
on each other, nftbrding evidence of the simultaneous crystidlizatiou 
of both.* 

According to the experiments and observatiotis of (Justave Hose, 
the quartz of granite has the speeifie gravity of 2*G, which charac- 
terizes silica wlien it is pn*eijdtated from a .solvent, and not 

that inferior density, namely, 2-.‘b w hich belongs to it when it cools 
in the laboratory, in what is called the dry way, or fn)m a slate of 
fusion. It lias been, therefore, itderred, perhaps sotnewliat rashly, 
that the manner in w liicb tin* consolidation of granite tnkt^a plact* is 
exceedingly different from the cooling of lavas, even of (hose w hich 
are the most crystalline. It has also been still more hastily inferred, 
tliat the intense heat formerly supposed to be necessary for the pro- 
duction of mountain masses of plulonic rocks may be dispensed with. 
The first question to l)e decide d is, whether or not .-ilica can b(* 
obtained even in the laboratory in a crystalline state by fusion. Mr. 
Sorl)y, who has devoted much time and talent to the solution of this 
and kindred problems, has come to the conclusion that it can lie so 
obtained. He informs me that he is convinced, by the examination 
of quartz fused by Mr. David Forbes, that silica cun crystallize in 
tiie dry way, and he has found in quartz forming a constituent part 
of some trachytes, both from Guadaloupe and Icehind, glass-cavities f 
quite similar to those met with in genuine volcanic minerals, which 

• Bulletin, 2e serie, iv. I304. ; and f ^ Quart. GeoL Journ., vol. xiv. 
D’Archiac, Ilift. dcs Progr^s dc* ta Gcol., p. 46^. 
i. 33. 



698 GLAS8 CAVITIES IN GRANITE* [Ch* XXXHl. 

prove most conclusively that this quartz crystallized out from a 
fused material like obsidian. 

By glass-cavities ” are meant those in which a liquid, on cooling, 
lias become first viscous and then solid without crystallizing or under- 
going a definite chunge in its physical structure. Other cavities 
wliich, like those just mentioned, are frequently discernible under the 
microscope in the minerals composing granitic rocks, are filled some 
of them with gu*^ or vapour, others with liquid, and by the move- 
ments of the fnibbles thus included llio distinctness of such cavities 
from those filled with a gla>Hy substance can lie tested. 

Mr. Sfirby admits that tin* frequent occurrence of fluid caMties iu 
the quartz of granite implies that water wa.-- almost always present 
in tin* fbrmiition of tliis rock ; but tlie same may be said of almost 
all lavas, and it is now more than forty years siin-e Mr. Scrope 
insisted on the important jiart which wat<*r play.s in volcanic* eru[)- 
tioiis. be*ing so intimately mixed u|) with the materials of the lava 
tlnit In* sufiposed it to aid in giving mobility to the fluid rnas^. It 
is well known that steam escapes for niontlis, sometimes for year.'*, 
from the cavities of lava Avhen it is cooling and consolidating. 

As to tlie result of Mr. Sorby’s exp<‘riment8 and speculations on 
this difficult subject, they may be .‘•tated in a few words, lie con- 
cludes that the [ibysical conditions under which the volcanic and 
granitic rocks originate are so far similar llnit in both cases tin y 
combine igneous fusion, aqueous solution, and gaseous sublimation 
— the proof, he says, of the operation of water in the formation of 
graniti* being (juite as strong as of that of lieat.* 

When rocks are melted at great depths water must be present, for 
two reasons — First, because in a state of solid combination water 
(‘liters larg(‘ly into the composition of some of the most eominon 
inim*rals, cs|>ecially tliose of the aliiiniiions class ; and, secondly, 
because rain-water and sca-water are always descending through 
fissured and porous rocks, and must at length find their way into 
the regions of subterranean heat. But the existence of water under 
great pressure affords no argument against our attributing an exces- 
siv(dy high temperature to the mass with which it is mixed u]). 

Bunsen, indeed, imagines that in Iceland it attains a white heat 
at a very moderate de}>th. Still less does the point to which the 
materials of granite or lava must be cooled down before they crys- 
tallize or consolidate afford any test of the degree of heat which the 
same materials acquired before they could be made to form lakes 
and seas of molten rock iu the interior of the earth's crust. 

To what extent some of the metumorphic rocks containing tlie 
same minerals as the granites may have been formed by hydro- 
thermal action without the intervention of intense heat comparable 
to that brought into play in a volcanic eruption, will be considered 
when we treat of the metamorphic rocks in the thirty-fifth chapter, 
p. 728. 


See Quait. Geol. Jemrn., vol. xiv. p. 4S8. 
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Por]}h^ritic graniie . — This name has b<*en somotimos given (o 
that variety In which large crystals ot* common fekpur, sometimes 
more than 3 inches in length, are scattered tlmnigh an ordinary bast? 
of granite. An exainjde of this texture may be seen in the griuiile 
of the Lund’s End, in Cornwall (fig. 737.). The (wo larger priMnaiie 



in tbi> <lrawing repivx nt felspur. Mimller erystaf-^ of whieli 
are al>o S(‘en, similar in form, seatten*d through tin* bas<', In ihi" 
ba^e also upj«*ar black of mica, the 4*rystaL id' whieli have a 

more or les> perfect hexagonal ontlitK*. Tlie remainder of tlie lUM^s 
is qviartz, the traii^lueeney of which is hlrongly contrasted to lh<* 
optujneriess of tlu? white lelspar and black mica. Hut neither the 
tran.'pareney of the (juartz nor the silvery lustre of the mica can be 
express<‘d in the engraving. 

The uniform mineral cliaraetiT of large masses of granit(j s(*emH 
to indicate that largt* (juuiititi(‘s of the eoinpoiient elements were* 
thorougiily mixed up together, aial then crystallized under precisely 
^imilar conditions, 'i here are, however, many accidental, or “oc- 
cassional,’' minerals, they are t(*riiied, wliitdi belong to granite. 
Among these black .‘•eborl or tonrmahiM*, aetinolite, zircon, garnet, 
and fluor s|»:ir are not uncommon ; but they are too sparingly dis- 
|K*rsed to modify the general aspect of the rock. They show, la vc r- 
theless, that the ingredients were not every wIn n? <*xaclly the same ; 
and a still greater variation may be traced in the ever- varying pro- 
portions of the felspar, (juartz, and mica. 

Syenite , — When hornblende is tlie substitute for mica, which is 
very commonly the ease, the rock Infcomes Syenite; so called from 
the celebrated ancient quarries of Syene in Egy})t. It has all tin? 
appearance of ordinary granite, except when mineralogically ex* 
amined in hand s|>eciinens, and is fully entitled to rank as a geo- 
logical member of the same plutonic family as granite. Syenite, 
however, after maintaining the granitic clmraeter throughout ex- 
tensive regions, is not uncommonly found to lose its quartz, and 
to pass insensibly into syenitic greenstone, a rock of the trap family. 
Werner considered syenite as a binary compound of feUpar and 
hornblende, and regarded quartz as merely one of it« occuhional 
minerals. 
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Syemiic gr unite. — The quadruple compound of quartz, felspar, 
TrucR, and lionddende, may be w> termed. This rock occurts iu Scot- 
land and in Guern«i?y. 

TalcoBe granite, or Protogine of the French, is a mixture of fel- 
spar, quartz, and talc. It nbouikds in the Alps, and in some parts of 
Cornwall, producing by its decomposition the china clay, more than 
12,(X)0 tons of which are annually ex {K)r ted from that country for 
the potteries.* 

Srhorl-rovk, and erhorJg granite. — The former of these is an 
liggn gatc of M‘horl, or tourmaline, and quartz. When felspar ainl 
mica are also prewmt, it may he called schorly granite. Tliis kind of 
granite is ciunpanilively rare. , 

Kurite. — A rock in whi(‘h all the ingredicuits of granite are blended 
into a liindy granular mass. When crystalline, it is seen to eontain 
erystals of quartz, mica, common felspar, and soda felspar. Wht ii 
there is no mica, and when common feKpar predominate, so as to 
give it awhile colour, it becomes a felspat hie granite, called “ whit(‘- 
htone ” ( W<‘isstcin) by W(*rner, or Leptgnite by the French, in wliicli 
microscopic crystals of garnet are often present. 

All these and other varieties of granite pa>s into certain kinds of 
trap — a circumstance which aflTords one of many arguments in fnvoui* 
of what is now the prevailing opinion, that the granites are also of 
igneoUvS origin. Tlie contrast of the ino.Hl er\stulline form oi‘ granite 
to that of the most common and earthy trap is undoubtedly great ; 
hut each member of the volcanic class is capable of becoming por~ 
j»hyritie, and the base of the porphyry may he more and more erw-- 
talline, until the ina>s pusses to the kind of granite most nearly nllievl 
in mineral eoinpo?ition. 

The minerals whieh constitute alike the granitic and volcanic 
7-oeks consist, almost exclusively, of seven elements, namely, silica, 
alumina, magnesia, lime, soda, [>otash, and iron (see Table, p. (302.); 
and these may sometimes exist iu about the same proportions in a 
]M)roU8 lava, a compact trap, or a crystalline granite. It may })er- 
haps be found, on further examination — for on this subject we have 
yet much to learn — that the presence of these elements in certain 
ju'oportioiis is more favourable than iu others to their assuming a 
crystalline or true granitic structure ; but it is also ascertained by 
experiment, that the same imittudals may, under different circum- 
stances, form very ditleront rocks. The same lava, for example, 
may be glassy, or 8Coria(H"o^^, or stony, or porphyritic, according to 
the more or less rapid rate at wliich it cools ; and some trachytes and 
syenitic-greenstones may doubtless form granite and syenite, if the 
crystallization take place slowly. 

It has also been suggested that the peculiar nature and structure 
of granite may be due to its retaining in it that water which is seen 
to escape from lavas when they cool slowly, and consolidate in the 
atmosphere. Boutigiiy’s experiments have shown that melted matter, 


Boasc on Primary Geolog}’, p. 16 . 
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at a white heat, requires to have its temperature lowered before it 
can vapourize %vater ; and such discoveries, if they fait to explain the 
nuHtiner in which "ranites have la^en formed, serve at lettst to remind 
us of the entire distinctness of the conditions under which plutonic 
and volcanic rocks must la? produced.* 

It would l>e easy to multiply <‘xamples and authorities to prove 
the jrtadation of the jrrnniiic into the trap roeks. On the wesUum 
side of the tiord of Cliristiania, in Norway, there is a lar^e district 
of trap, chiefly green<|tone-porphyry uinl syenitic-grecuistone, resting 
on f<»ssiliferou8 stnua. To this, on its southern limit, succeeds a 
region equally extensive of syenite, the passage from the volcanic to 
the ])lutenic rock Ix'ing so gradual that it is impossible to draw a 
line of demarcation between tiiem. 

“The ordinary granite of Aberdeenshire,” says Dr. MacCulloch, 
“is the usual ternary coiipound of quartz, felspar, and mica ; but 
sometimes hornblende is substituted for the mica. Hut in many 
j>la<‘es a variety occurs which is compost'd sinqily ol* ftdspnr and 
liornbleiHb* ; and in examining mon* minnttdy this duplicate com- 
pound, it is observed in some places to assume a Hm* grain, ami Jit 
b'Ugth to l»eeoine undl>tinguishabb* from the gretmstones of ih(* trap 
family. Jt aKo passes in the satm* nnintei ruptial manner into a 
basalt, and at length into a soft claystone, with a sehistosi* tc iMliutcy 
on exj)osure, iti no respect diflering from those of tlie trap islands of 
the western coast.” The same author mention**, that in Shetland 
a granite eomjK>s(*d of hornblende, mica, felspar, and tpiartz graduates 
in an equally perfect manner into basalt. f 

In Hungary there are varieties of trachyte, which, geologically 
.sp(*akiiig, are of inodiun origin, in which ('rystal>, n<»t only fd' mica, 
but of quartz, are eonimon, tog<‘iIicr with ft^sjuir and honihb iide. 
It is easy to conceive how such voleanii! masses may, at a <*ertain 
depth from the surface, pass downwards into granite. 

I have alrt'udy hinted at the close analogy in the forms of certain 
granitic and tra[q)ean veins ; and it will be found that strata pem - 
trated by plutouie rocks have sulfcred clianges very similar to rho-e 
exhil»ited near the contact of volcanic dikes. Thus, in Cilen Tilt, 
in Scutlaml, alternating strata of limestone and argillaceons schi>t 
come in contact with a mass of granite. The contact does not 
take place as might have been looked for, if the granite had lK*en 
formed tluTe InTore the strata were deposited, in wdneh case the 
section would liave a[q)*-Hred as in flg. 738. ; but the union is as 
reprewnted in fig. 739., the undulating outline of the granite ^ 
intersecting different strata, and occasionally intruding itself in 
tortuous veins into the beds of clay-slatij and limestone, from 
which it differs so remarkably in composition. The liuieslone is 
sometimes changed in character by the proximity of the granitic 
mass or its veins, and acquires a more compact u»xture, like that of 

• E. <Je Ikaiimont, Bolletin, %'ol. iv.. 2c ser., pp. 1518. and 1320. 

j Svbt. ot Gcol., vol. I. p. !57. aiai 138, 
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Fl* 73B. Fig. 



Juiiiiioti <•! gratiitc aini nr|^ii)H« schist m (iUu 
'Fill. ( Mrtct'ulhH.r» ) * 


liornstone or chert, with a splintery fracture, and effervescing freely 
with acids. 

The annexed diagram (tig. 740.) represents another junction, in 

Fig 740. 



Junction of grjmitc .‘iml Uincstone in (iltMi TJt. [MrtcCuHoch.] 

a. b. limestone. 

c. blue «rKill.iccoi>s Schist 


the same district^ where tlie granite sends fortli so many veins ius to 
reticulate the limestone and schist, the veins diminishing towards 
their termination to the thiekin^ss of a leaf of paper or a thread. 
In some places fragments of granite appear entangled, as it were, 
in the limestone, and are not visibly connected wdth any larger 
nia>^ ; while sometimes, on the other hand, a lum)) of the limestone 


Gcol. Trans., First Series, vol. iii. pi 21. 
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is found ill the midst of the jjranite. The ordinary colour of tho 
limestone of Glen Tilt is lend blue, and its texture lurjje-lf rained 
and highly crystalline ; but where it appi'oxiiimtes to the granite, 
particularly where it is penetrated by the smaller veins, the cry^- 
talline texture disappears, and it assumt^s an appearance exactly 
resembling that of hornstorie. The associated argillaceous schi>t 
often passes into boriibleude slate, where it approaelies very near to 
tht» granite.* 

The conversion of the limestone in these and many other in* 
stances into a siliceous rock, eilcrveacing slowly with acids, would 
he dirtieult of explanation, were it not ascertained that such lime- 
stones arc always impure, containing grains ofquarlz, micm, or felspar 
disseminated through them. The tdemeiits of th»*se mineral-^, when 
tht‘ rock has l»een subjected to gn^at ht nt, may have been fused, and 
so sprea<l more uniformly tliri>ugh the whoh* mass. 

hi the plutonic, as in tlie voleunie rocks, there is every gradation 
from a tortuous vein to tin* most regular form of a dike, such as 
intersect tin* tuffs and lavas of Vesuvius and Ttna. Dikes of 
granite may be seen, among other placi*", on tin* southern flank of 
Mount Battock, one of tin* Gratupians, the op[K)site walls sometiines 
pre>erviug an exact parallelism for a considerable distance. 

As a general rule, however, granite vt'ins in all (juarters of the 
glolx* are more sinuous in their course limn those of trap. Tliey 
present similar sha])es at the most nortln'ru point of Scotland, atnl 
the souiherimiO'Jt extremity uf Africa, tis tin* anuext‘d drawings 
w'ill show'. 



Granite reint iravc *injr rtajr «lat«». Table Granite tieln* travrr*inK ten Ui. ('»(>« W ratU. 

Mountain, Cape of Good Hope.f (MacCulloch.) X 

It is not uncommon for one set of granite veins to intt-rsect 
another ; and gometimes there arc three sets, as in the environs 
of Heidelberg, where the granite on tlie banks of the river Necker 
is seen to consist of three varietie.s, differing in colour, grain, ami 

* MacCuUoch, GeoL Trans., vol. iii. Edmlmrgh, vol. vii. 
p. 259. t Wvfetmi Blands, pi, .31. 

f Capt. B, Hall, Trans. Roy. Soc. 
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various peculiarities of mineral composition. One of these, which 
is evidently the second in age, is seen to cut through an older 
granite; and another, still newer, traverses both the second and the 
first. 

In Shetland there are two kinds of granite. One of them, com- 
posed of hornblende, mica, felspar, and quartz, is of a dark colour, 
and is seen underlying gneiss. The other is a red granite, which 
penetraU*s the dark variety everywhere in veins.* 

The accompanying sketches wdll explain the manner in which 
granite vrins often ramify and cut each other (figs. 743 and 744 ), 


r.R. 7«. 



They represent the manner in which the gneiss at Cape Wrath, in 
Suthcrlundsliire, is intersected by veins. 'J'hcir light colour strongly 
contrasted with that of the hornblende-schist, here associated with 
the gneiss, reluhTs them very cons[)icuous. 

Granite very generally assumes a finer grain, and undergoes a 
change in mineral composition, in the veins which it sends into con- 
tiguous rocks. Thus, according to Professor Sedgwick, the main 
body of the Cornish granite is an aggregate of mica, quartz, and 
felspar ; but the veins are sometimes w'itiiout mica, being a granular 
aggregate of quartz and felspar. In other varieties quartz prevails 
to the almost entire exclusion both of felspar and mica; in others, 
the mica and quartz both disappear, and the vein is simply composed 
of white granular felspar. f 

Fig. 744. is a sketch of a group of granite veins in Cornwall, 
given by Messrs. Von Oeynhausen and Yon Dechen.J The main 
body of the granite here is of a porphyr}'^tic appearance, with large 
crystals of felspar ; but in the veins it is fine-grained, and without 
these large crystals. The general height of the veins is from 16 to 
20 feet, but some are much higher. 

In the Valorsine, a valley not far from Mont Blanc in Savoy, an 
ordinary granite, consisting of felspar, quartz, and mica, sends forth 
veins into a talcose gneiss (or stratified protogine), and in some 

• MacCoUoch, Syst. of Gcol., vol. i. vol. i. p. 124. 

P- ^ ^ t riul Mag. and Annals, No. 27., 

f On Geol. of Cornwall, Canib. Trans., new series, March, 1829. 



Cb. XXXIII.] 


61 UNITE nr VEINS. 


706 


Fif. J4«.; 



Granite veins passing through hornblende slate, C’arnsllver Cove, Coruirall. 


places lateral ramifications are thrown off from (he principal veins at 
ri^^ht angles (8c»e fig. 74.>.)i the veins, esjM'cially the minute ones, 
.being finer grained than the granite in mass. 

It is here remarked, that the schist and granite, as they approach, 
seem to exercise a reciprocal influence on eacdi other, for both 


Fig. 7iri. 



Veins of granite in talrosc gneiss, 
( L. A. Neckcr.) 


undergo a racdification of mineral rlmraeter. The granit(% still 
remaining unstratified, becomes charged virith green partieden ; and 
the talcose gneiss assumes a granitiform structure without losing its 
>tratification.* 

Professor Keilhau drew ray attention to several localities iu the 
country near Christiania, where die mineral character of gneixs 
appears to have been affected by a granite of much newer origin, 
for some distance from the point of contact. The gneiss, without 
losing its laminated structure, seems to have become clmrged with a 
larger quantity of felsj)ar, and that of a redder colour, than th(i 
felspar usually belonging to the gneiss of Norway. 

Granite, syenite, and those porphyries which have a granitiform 
structure, in short all plutonic rocks, are fre(|uently observed to 
contain metals, at or near their junction with stratified formation h. 

♦ Neckcr, Sar la Val de VaJorwne, 1S28. I viftited, la 1832, the ic- 

Mtm. de la Sue, de Phy». de Geneve, fenred to ia fig, 745, 



706 QUAETZ TEIN8. tC«* XXXIH. 

On the other hand^ the veins which traverse stratified rocks are, as 
a general law, more metalliferous near such junctions than in other 
positions. Hence it has been inferred that these metals may have 
been spread in a gaseous form through the fused mass, and that the 
contact of another rock, in a difierent state of temperature, or some- 
times the existence of rents in other rocks in the vicinity, may have 
caused the sublimation of the metals.* 

There are many instances, as at Markerud, near Christiania, in 
Norway, where the strike of the beds has hot been deranged 
throughout a large area by the intrusion of granite, both in large 
masses and in veins. This fact is considered by some geologists to 
militate against the theory of the forcible injection of granite in a 
fiuid state. But it may be stated in reply, that ramifying dikes of 
trap also, which almost all now admit to have been once fiuid, pass 
through the same fossiliferous strata, near Christiania, without 
deranging their strike or dip^ 

The real or apparent isolation of large or small masses of granite 
detached from the main body, as at a, by fig. 746., and above, fig. 
739., and a, fig. 745., has been thought by some writers to be irre- 


Fig. 746. 



concilablc with the doctrine usually taught respecting veins ; but 
many of them may, in fact, be sections of root-shaped prolongations 
of granite ; while, in other cases, they may in reality be detached 
portions of rock having the plutonic structure. For there may 
have been spots in the midst of the invaded strata, in which there 
was an assemblage of materials more fusible than the rest, or more 
fitted to combine readily into some form of granite. 

Veins of pure quartz are often found in granite as in many 
stratified rocks, but they are not traceable, like veins of granite or 
trap, to large bodies of rock of similar composition. They appear 
to have been cracks, into which siliceous matter was infiltered. 
Such segregation, as it is called, can sometimes be shown to have 
clearly taken place long subsequently to the original consolidation 
of the containing rock. Thus, for example, 1 observed in the 
gneiss of Tronstad Strand, near Drammen, in Norway, the annexed 

♦ Necker, Proceedings of GeoL Soc., t See KeiUuui’s Gm Norregica ; 
No. 26. p. 322. Chriafitnia, 1338. 
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section on the beach. It appears that the alternating strata of 
whitish granitiform gneiss and Mack hornblende-schist were first cut 
through bj a greenstone dike, 
about 2} feet wide ; then the 
crack o b passed through all 
these rocks, and was filled up 
with quartz. The opposite 
walls of the vein are in some 
parts incrusted with trans- 
parent crystals of quartz, the 
middle of the vein being filled 
up with common opaque white 
quartz. 

We have seen that the vol- 

£> .• i_ t atoiM. Trouft*4 StrEnil. ntwr Chr! 

canic formations have l>een ’ 

called overlying, because they not only penetrate others but spread 
over them. M. Neoker iias proposed to call the granites the 
underlying igneous rocks, and the distinction here indicated is 
highly characteristic. It was indeed supposed by some of the 
earlier observers, that the granite of Christiania, in Norway, was 
intercalated in mountain masses between the primary or palieozoic 
strata of that country, so as to overlie fossiliferous shale and lime- 
stone. But although the granite sends veins into these (ossilrferouH 
rocks, and is decidedly posterior in origin, its actual superposition 
in nwiss has been disproved by Professor Keilhau, whose obser- 
vations on this controverted point I hud opfiortunities in 1837 of 
verifying* There are, however, on a smaller scale, certain beds of 
euritic porphyry, some a few feet, others many yards in thickness, 
which pass into granite, and deserve |>erhap8 to be classed as 
plutonic rather than trappean rocks, which may truly be described 
as interposed conformably between fosailiferous strata, as the por- 
phyries (a, Cf fig. 748,), which divide the bituminous shales and 


Fif . 74S. 



Eufltlc porphyry altematinf with pitiury fottliiferoiu ftr«W, 
Dew ChrUUEole. 


argillaceous limestones,/ f. But some of these same porphyries are 
partially nnconformable, as ft, and may lead us to snspect that the 
others also, notwithstanding their appearance of interstratification, 
have been forcibly injected. Some of the porphyritic rocks above 
mentioned are highly quartzose, others very felspathic. In pro- 
portion as the masses are more voluminous, they become more 
granitic in their texture, less conformable, and even begin to send 
forth veins into contiguous strata. In a word, we have here a 
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b6autiful illufttratiou of the intermediate gradations between volcanic 
and platonic rocks, not only in their mineralogical composition and 
structure, but also in their relations of position to associated form- 
ations. If the term overlying’* can in this instance be applied to a 
plutonic rock, it is only in proportion as that rock begins to acquire 
a trappean aspect. 

It luih i)een already hinted that the heat, which in every active 
volcano exteiid« downwards to indefinite depths, must produce 
simultaneously very different effects near the surface and far below 
it ; and wc cannot suppose that rocks resulting from the crystal- 
lizing of fused matter under a pressure of several thousand feet, 
much less miles, of the earth’s crust can resemble those formed at or 
near the surface. Hence the production at great depths of a class 
of rooks analogous to the volcanic, and yet differing in many par- 
ticulars, miglit also have been predicted, even had we no plutonic 
formations to account for. How well these agree, both in tlieir 
posit iv(! and negative characters, witli the tlieory of their deep 
suhterranean origiri, the student will be able to judge by considering 
tilt* descriptions nlrt?ady given. 

It has, however, been obj(*cted, that if the granitic and volcanic 
rocks were simply different parts of one great series, wo ought to 
find ill mountain eliain.s volcanic dikes passing upwards iiito lava 
and downwards into granite. Hut may answer that our vertical 
sections are usually of small extent; and if we find in certain places 
a transition from trap to porous lava, and in others a ]*assage from 
granite to trap, it is as much as couhl be expected of this evidence. 

'Idle pro<ligi(ms extent of denudation which has been already de- 
monstrated to have occurred at former periods, will reconcile the 
student to the hedief that crystalline rocks of high antiquity, al- 
though deep in the earth’s crust when originally formed, may have* 
become uncovered and ex]K)sed at the surface. Their actual ele- 
vation above the sea may be referred to tlie same causes to which 
we have attributed the ufdieaval of marine strata, even to tht^ 
summits of some mountain chains. But to the>o and other topics I 
shall rev(Tt when speaking, in the next chapter, of the relative ages 
of different masses of granite. 



Ch.XXXIT.] tests of age of flutonic bocks* 


709 


CHAPTER XXXIV* 

ON THE DIFFERENT AGES OF THE PLl TONIC ROCKS. 


Difficulty in a«ceitaininp' the precis a^c of n plutonio rock — Teat of a^^* hr n'Uiiro 
]H>6itk>n — Test by iutriuton and alteration — Te«t by mineral composition — 
Test Uy included fraginorits — Recent and Pliocene i*lutcnic nx kx, a by invisible 
— Tertiary plutonio nx'ks in the Andes — Granite altering (.'rclaeeoiis nxka — 
Granite altering Lhia in the Alps and in Skye — Granite of Dartnunu* altering 
Carbon iftTous strata — Gnmitc of the Ohl Red Sandstone jHTitxl — Syenite 
altering Silurian strata in Nonvay — Blending of the same with gneixs-- MoJ«t 
ancient plutonio rooks — Gratnte protntded iit a solid fonn— On tbe prolwihle age 
of the granites of Arrati, in fck’otland* 

s we atlopt the igneous theory of granite, as explained in tlie 
la>t chapter, and beH<*ve that different plutonic rocks have originated 
at successive periods beneath thc^ surface of the planet, we must 1 x 5 
j)repared to encounter greater difficulty in Hsceriiiining the jtn eiw* 
nge of such rocks, than in the cane of volcanic and fossiliferous form- 
ations* We must bear in mind, that the evidence of the age of 
i nch eonlemporaneous volcanic rock was derived, either from lavas 
poured out upon the ancient surface, whetlier in the sea or in the 
atmosphere, or from tuffs and conglomerates, also deposited at tlu* 
riirl’ace, and either containing organic remains themselves, or inter- 
calated !)etwc*en strata containing fossils. liut all these tests fail 
V, lien we endeavour to fix the chronology of a rock which has crys- 
tallized from a state of fusion in the bowels of the earth. In that 
eax\ we are reduced to the following : 1st, relative position; 
Ifdly, intrusion, and alteration of the rocks in contact ; 3dly, mineral 
eliaracier." ; 4tlily, inchnled fragments. 

Test of affe by relative position, — UnalU^red fossiiiferous strata of 
every age are met with reposing immediately on plutonic rocks ; as 
at Christiania, in Norway, where the Post-pliocene depoeiU rest on 
granite ; in Auvergne, where the freshwater Miocene strata, and 
at lleidellwrg, on the Rhine, where the New Red sandstene occupy 
a similar place. In all these, and similar instances, inferiority in 
position is connected with the superior antiquity of granite. The 
crystalline rock was solid before the sedimentary Ixjds were sufK^r- 
imposed, and the latter usuaUy contain in them rounded pebbles of 
the subjacent granite. 

Test by intrusion and alteration, — But w hen plutonic rocks send 
veins into strata, and alter them near the point of contact, in the 
manner before described (p. 701.), it is clear that, like intrusive 
traps, they are newer than the strata which they invade and alter. 
Examples of the application of this test will be given in the seqneL 
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Te$t by mineral composition , — Notwithstanding a general uni- 
formity in the aspect of plutonic rocks, we have seen in the last chap- 
ter that there are many varieties, such as Syenite, Talcose granite, 
and others. One of these varieties is sometimes found exclusively 
prevailing throughout an extensive region, where it preserves a 
homogeneous character ; so that, having ascertained its relative age 
in one place, we can easily recognize its identity in others, and thus 
determine from a single section the chronological relations of large 
mountain masses. Having observed, for example, that the sycnitic 
granite of Norway, in which the mineral called zircon abounds, has 
altered the Silurian strata wherever it is in contact, wo do not 
hesitate to refer other masses of the same zircon-syenite in the south 
of Nonvay to the same era. 

Some have imagined that the ago of different granites might, to a 
great extent, bo determined by their mineral characters alone ; syenite, 
for instance, or granite with hornblende, being more modern than 
common or micaceous granite. But modern investigations have proved 
these generalizations to have been premature. The syenitic granite 
of Norway already alluded to may be of the same age as the Silurian 
strata, which it traverses and alters, or may belong to the Old Red 
sandstone period ; whereas the granite of Dartmoor, although con- 
sisting of mica, quartz, and felspar, is newer than the coal. (See 
p. 7ia) 

Test by included fragments , — This criterion can rarely be of much 
importance, because the fragments involved in granite are usually so 
much altered, that th(‘y cannot be referred with certaiivty to the rocks 
whence they were derived. In the White Mountains, in Nortli 
America, according to Professor Hubbard, a granite vein, traversing 
granite, contains fragments of slate and trap which must have fallen 
into the fissure when the fused materials of the vein were injected 
from below *, and thus the granite is shown to be newer than certain 
superficial slaty and trappean formations. 

Recent and Pliocene plutonic rocks^ why invisible, — The explana- 
tions already given in the 29th and in the last chapter of the probable 
relation of the plutonic to the volcanic formations, will naturally lead 
the reader to infer, that rocks of the one class can never be produced 
at or near the surface without some members of the other being 
formed below simultaneously, or soon afterwards. It is not uncom- 
mon for lava-streams to re(|uire more than ten years to cool in the 
open air ; and where they are of great depth, a much longer period. 
The melted matter poured from Jorullo, in Mexico, in the year 1759, 
which accumulated in some places to the height of 550 feet, was 
found to retain a high temperature half a century after the eruption.f 
We may conceive, therefore, that great masses of subterranean lava 
may remain in a red-hot or incandescent state in the volcanic foci 
for immense periods, and the process of refrigeration may be ex- 
tremely gradual. Sometimes, indeed, this process may be retarded 


* Silliman*s Journ., No, 69. p. 123. 


t See “Ptinciplei,** Index, “Jorullo.* 
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for an indefinite period, by the acceaaion of fresh supplies of heat ; 
for we find that the lava in the crater of Stromboli, one of the Lipari 
Islands, has been in a state of constant ebullition for the last two 
thousand years ; and we may suppose this fluid mass to communicate 
with some caldron or reservoir of fused matter below. In the Isle 
of Bourbon, also, where there has been an emission of lava once in 
every two years for a long period, the lava btdow can scarcely fail to 
liave been permanently in a state of liquefaction. If then it bo a 
reasonable conjecture, that about 2000 volcanic eruptions occur in 
the course of every century, either above the waters of the sea or 
beneath them*, it will follow, that the quantity of pluUmic rtx^k 
generated, or in progress during the Recent epoch, must already have 
been considerable. 

But as the plutonic rocks originate at some depth in the earth’s 
crust, they can only be rendered accessible to human observation, by 
subsequent upheaval and denudation. Ikaween the period when a 
plutonic rock crystallizes in the subterranean regions and the era of 
its protrusion at any single point of the surface, one or two geological 
periods must usually intervene. Hence, wo must not expect to find 
the Recent or even the Pliocene granites laid oj>en to view, unless 
we are prepared to assume that suificient time has elapsed since 
the commencement of the Pliocene |>enod for great upheaval and 
denudation. A plutonic rock, therefore, must, in general, bo of con- 
sideraWe antiquity relatively to the fossiliferous aud volcanic forma- 
tions, before it becomes extensively visible. As we know tliat the 
upheaval of land has been sometimes accompanied in South America 
by volcanic eruptions and the emission of lava, we may conceive the 
more ancient plutonic rocks to be forc<?d upwards to the surface by 
the newer rocks of the same class formed successively below, — sub- 
terposition in the plutonic, like superposition in the sedimentary 
rocks, being usually characteristic of a newei' origin. 

In the accompanying diagram (fig. 749.), an attempt is made to 
show the inverted order in which sedimentary and plutonic forma- 
tions may occur in the earth’s crust 

The oldest plutonic rock, No. L, has been upheayed at successive 
periods until it has become ex^Kised to view in a mountain-chain. 
Tliis protrusion of No. L has been caused by the igneous agency 
which produced the newer plutonic rocks Nos. II. HI. and IV. 
Part of the primary fossiliferous strata. No. 1., have also been raiw^d 
to the surface by the same gradual process. It will be observed that 
the Recent strata No. 4. and the Recent granite or platonic rock 
No. IV. are the most remote from each other in position, although 
of contemporaneous date. According to this hypothesis, the con- 
vulsions of many periods will be required before Recent or Post- 
tertiary granite will be upraised so as to form the highest ridges 
and central axes of mountain-chains. During that time the Beeem 


Phodplea,*' iadex, ^ Volcanic Eruptions.’ 
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strata No. 4. might be covered by a great many newer sedimentary 
formations. 

E4ycene granke and pluionic rocAs.— In a former part of this 
volume (p. 304.\ the gri'at nummulitic formation of the Alps and 
Pyrenees was referred to the Eocene period, and it follows thatthoso 
vast movements which have raised fossiliferous rocks from the level 
of the 8<^a to tlie height of more than 10, (XX) feet above its level 
have taken place since the commencement of the tertiary epoch. 
Here, therefore, if anywhere, we might exj>ect to find hyjKigeno 
formations of !>)ceno date breaking out in the central axis or most 
disturbed region of the loftiest chain in Eiirop<». Accordingly, in 
the Swiss Alps, even i\\i^ or wpj>er portion of the nummulitic 

series, has bo(m occasionally invaded by plutonic rocks, and converted 
into crystalline schists of the hy|>ogene class. There can b<‘ little 
doubt that even tin? talcose granite or gneiss of Mont Blanc itself has 
b(‘t*n in a fnstxl or pasty state since the was depositcnl at the 

bottom of the sea; and the question as to its age is not »o much 
whether it he a secondary or tertiary granite or gneiss, as whether it 
should be assigncnl to the Eocene or Miocene epoch. 

Great upheaving mov(‘inents have l>een experienced in the region 
of the Andes, during tlie Post-tertiary |H‘riod. In some part, there- 
fore, of this chain, we may expect to discover tertiary plutonic rocks 
laid open to view. What wo already know of the structure of the 
Chilian Andes seems to realize this expectation. In a transverso 
section, examined by Mr. Darwin, between Valparaiso and Mendoza, 
the Cordillera was found to consist of two separate and parallel 
chains, formed of sedimentary rocks of ditferent ages, tlie strata in 
both resting on plutonic rocks, by winch they have been allere<l. 
In the western or oldest range, called the P(Hi(|uen(‘S, are black cal- 
careous clay-slates, rising t<» tlie height of nearly ld,CKK) f(*et aliovo 
the seii^ in which are shells of the genera Grj/ph(paj Turritellny 7V- 
rehrafula, and Amm<mite. Tiiese rocks are sup[K)H(»d to be of the 
age of the ce ntral parts of the secondary series of Eurofic. They 
are |K*net rated and altered by dikes and mountain masses of a jdu- 
touie rock, which has the texture of ordinary granite, but rarely 
contains quartz, Ixdng a compound of albite and hornblende. 

The second or eastern chain consists chiefly of sandstones and 
conglomerates, of vast thickness, the materials of which are derived 
from the ruins of the western chain. The pebbles of the conglome- 
rates are, for the most part, rounded fragments of the fossiliferous 
slates before mentioned. The resemblance of the whole series to 
certain tertiary deposits on the shores of the Pacific, not only in 
mineral character, but in the imbedded lignite and silicifitjd woods, 
leads to the conjecture that they also are tertiary. Yet these strata 
are not only associated with trap rocks and volcanic tuffs, but arc also 
altered by a granite consisting of quartz, felspar, and talc. They are 
traversed, moreover, by dikes of the same granite, and by numerous 
veins of iron, copper, arsenic, silver, and gold ; all of which can bo 
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traced te the tinderljiog granite.* We have, therefore, strong 
ground to presume that the platonic rock here exposed on a large 
scale in the Chilian Andes is of later date than certain tertiary 
formations. 

But the theory adopted in this work of the subterranean origin of 
the hypogenc formations would be untenable, if the supposed fact 
here alluded to, of the appearance of tertiary granite at the surface^ 
was not a rare exception to the general rule. A considerable lapse 
of time must intervene between the formation of platonic and meta- 
morphic rocks in the nether regions, and their emergence at the sur- 
face. For a long series of subterranean movements must occur 
before such rocks can be uplifted into the atmosphere or the ocean ; 
and, before they can bo rendered visible to man, some strata which 
previously covered them must usually have been stripped off by de- 
nudation. 

We know that in the Bay of Baise in 1538, in Cutch in 1819, 
and on several occasions in Peru and Chili, since the commencement 
of tlio present century, the permanent upheaval or subsidence of land 
lias been accompanied by the simultaneous emission of lava at one or 
more points in the same volcanic region. From these and other 
examples it may be inferred that the rising or sinking of the earth’s 
crust, operations by which sea is converted into land, and land into 
sea, are n part only of the consequences of subterranean igneous 
action. It can scarcely be doubted that this action consists, in a great 
degree, of the baking, and occasionally tlie liquefaction, of rocks, 
causing them to assume, in some cases a larger, in others a smaller 
volume than before the application of heat It consists also in the 
generation of gases, and their expansion by heat, and the injection 
of liquid matter into rents formed in superincumbent rocks. The 
prodigious scale on which these subterranean causes have operated 
in Sicily since the deposition of the Newer Pliocene strata will be 
appreciated, when we remember that throughout half the surface of 
that island such strata are met with, raised to the height of from 50 
to that of 2000 and even 3000 feet above the level of the sea. In 
the same island also the older rocks which are contiguous to these 
marine tertiary strata must have undergone, within the same period, 
a similar amount of upheavaL 

Tho like observations may be extended to nearly the whole of 
Europe, for, since the commencement of the Eocene period, tho 
entire European area, including some of the central and very lofty 
portions of the Alps themselves, as I have elsewhere shown f , has, 
with the exception of a few districts, emerged from the deep to its 
present altitude ; and even those tracts which were already dry land 
before the Eocene era have, in many cases, acquired additional 
height. A large amount of subsidence has also occurred during the 
same period, so that the extent of the subterranean spaces which have 

* Darwin, pp. 390, 406. ; second edi- f See map of Europe and explana- 
tion, p. 319. tioD, in Principles, book L 
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either become the receptacles of sunken AragmenU of the earth's 
crusty or have been rendered capable of supporting other fragments 
at a much greater height than before, must be so great that they 
probably equal, if not exceed in volume, the entire continent of 
Europe. We are entitled, therefore, to ask what amount of change 
of equivalent importance can bo proved to have occurred in the 
earth’s crust within an equal quantity of time anterior to the luM'cne 
ef>och. They who contend for the more intense energy of subter- 
lanean causes in the remoter eras of the earth *s history may find 
it more difficult to give an answer to this question than they anti- 
cipated. 

The principal effect of volcanic action in the nether regions during 
the tertiary period seems to have consisted in the upheaval to the 
surface of hypogeno formations of an age anterior to the carlxini- 
ferous. The repetition of another series of movements, of equal vio- 
lence, might upraise the plutonic and meUimorphic rocks of many 
Siwndary periods ; and, if the same force should still continue to act, 
the next convulsions might bring up U) the day the tertiary atid 
recent hypogene rocks. In the course of such changes many of the 
existing sedimentary strata would suffer greatly by denudation, 
others might assume a metamorphic structure, or lw*como melt(‘d 
down into plutonic and volcanic rocks. Mc^anwhile the dejKwitieii 
of a vast thicknass of new strata would not fail to take place during 
the upheaval and partial destruction of the older rocks. But 1 must 
refer the reader to the last chapter but one of this volume for a 
fuller explanation of these views. 

Cretaceous period . — It will be shown in tlie next chapter that 
chalk, as well as lias, has l>ecn alU'red by granite in the east(*rn 
Pyrenees, Whether such granite be cretaceous or tertiary cannot 

easily bo decided. Suppose 6, c, lig, 
750., to be three memlKTS of the Cre- 
taceous series, the lowest of which, />, 
has been altered by the granite A, the 
modifying influence not having ex- 
tended so far as c, or having but 
slightly affected its lowest beds. Now 
it can rarely be possible for the geolo- 
gist to decide whether the beds d existed at the time of the intrusion 
of A, and alteration of b and c, or whether they were subsequently 
thrown down upon c. 

But as some Cretaceous and even tertiary rocks have been raised 
to the height of more than 9000 feet in the Pyrenees, we must not 
assume that plutonic formations of the same periods may not have 
been brought up and exposed by denudation, at the height of 2000 
or 3000 feet on the flanks of that chain. 

Period of Oolite and Ztoi.— -In the Department of the Hautes 
Alpes, in France, M. Elie de Beaumont traced a black argilla- 
ceous limestone, charged with belemnites, to within a few yards of 
a mass of granite. Here the limestone begins to put on a granular 
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texture, but is extremely fine-grained. When nearer the junction it 
becomes grey, and has a saccharoid structure. In another locality, 
near Champoleon, a granite composed of quartz, black mica, and 
rose-coloured felspar u observed partly to overlie the secondary 
rocks, producing an alteration which extends for about 30 feet 
downwards, diminishing in the beds which lie farthest from the 

granite. (See fig. 751.) In 
the altered mass the argil- 
laceous bc*ds are hardened, 
the limestone is saccharoid, 
the grits quartzose, and in 
the midst of tlicm is a 
thin layer of an im{x*rleet 
granite. It is also an im- 
portant circumstance that 
near the point of contact, 
both the granite and the 
seeeiuhiry rocks become 
metalliferous, and contain 
nests and small veins of 
blende, galena, iron, and 
copper pyrites. The stra- 

Junctlon of granite wtth Jiirti«n)c Of OolUeitrftU In Ihe iHicd rOcks bcComc harder 
utar (hampoleuu. 

the granite, on the contrary, softer and less jxjrfectly crystallized 
near the junction.* 

Although the granite is incumbent in the above section (fig. 751.), 
we cannot assume that it overflowed the strata, for the disturbances 
of the rocks are so great in this part of the Alps that their original 
position is often inverted. 

A eonsiilerable mass of syenite, in the Isle of Skye, is described by 
Dr, MacCulloch as intersecting limestone and shale, which are of the 
age of the lias.f The limestone, which at a greater distance from 
the granite contains shells, exhibits no traces of them near its 
junction, where it has been converted into a pure crystalline *marble.t 
At Predazzo, in the Tyrol, secondary strata, some of which are 
limestones of the Oolitic period, have been traversed and altered by 
plutonic rocks, one portion i»f which is an augitic porphyry, which 
passes insensibly into granite. The limestone is changed into gra- 
nular marble, with a band of 8er})entine at the junction.§ 

Carbaniferous period, granite of Dartmoor, in Devonshire, 

was formerly supposed to be one of the most ancient of the plutonic 
rocks, but is now ascertained to be posterior in date to the culm- 
measures of that county, which from their position, and, as containing 

♦ Elio de Beaumont, war les Mon- J Western Islands, vol i p. 330. 
tngnes do TOisans, &c. M^m. do la plate 18 ., figs. 8 , 4. 

Soc. d’Hist. Nat de Paris, tom. t. § VonBucb, Annales de Chimie, fitc. 

t Murchison, Geol Trana 2d series, 
voL ii part ii. pp. 811 — 321. 
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true coa]-pIantji» are regarded by Profe»sw)r Stnlgwick and Sir R 
Murchison as meiiibers of the true carboniferous st^ritvs. This granite, 
like the syenitic granite of Christiania, has broken ihrougli the stra* 
titieti formations without much changing their strike. Hence, on the 
north-west side of Dartmoor, the successive memla^rs of the culm- 
measures abut against the granite, and b<*conie inetamorjdne us tiu y 
approach. These? strata are also penetrated by granite veins, and 
plutonic dikes, called ‘‘ elvans.^ • The granite of C’ornwall is pro- 
bably of the game date, and, therefore, as modern aa the Carbo- 
niferous strata, if not newer. 

Silurian period. — It has long been known that the granite near 
Christiania, in Norway, is of ru‘wer origin than the Silurian sirutu of 
that region. \im Biieh first announctHl, in IS 13, the discovery of its 
posteriority in date to limestones contaiinng orthucerata and trilobites. 
Tlie proofs consist in the jM*netration of granite' veins into tlu* shah* 
and lirnestoiK*, and tlu? alteration of the stratji, for a considerable dis- 
tance from the point of contact lM)lh of these veins and tlu‘ central 
mass from which they emanate. (S<*e p. 7()7.) Von Hm h suppnsi’d 
that tli<‘ plutonic ro<‘k alternated with th(‘ fossiliferous strata, ami 
that large masses of granite were sometimes incumbent njMUi tlie 
strata ; but this idea was erroneous, and arose from tlie tact that tin? 
IxhIs of shah? and limestono often dip towar(l.H the granite up to the 
jmint of contact, appearing as if they would pass umler it in mass, as 
at r/, tig. 7/)2., and then again on the o}>posite side of the same 
mountain, as at by dip away from the same granite. When th(' 
junctions, however, are carefully examined, it is found that tlie plu- 
touic rock intrinles itself in veins, and nowhere covers tin* fossilifcrous 
strata in large overlying ma.ssi‘s, as is so commonly the case with 
trap|>can foriuatious.f 

Fig. 7&'i. 



Siiiiriat). OraniU*. Svluriait »trutu. 


Now this granite, which is more motlern than the Silurian strata of 
Norway, also se nds vein.s in the same country into an ancient forma- 
tion of gneiss; and the relations of the plutonic rock and the gnci*<.s, 
at ilieir junction, are full of interest when wx» duly consider the wide 
difference of epoch which must have separated lh<*ir origin. 

The length of thi.s interv^al of time is attested by the following 
facts: — llic fossil iferous, or Silurian, beds rest unconformably 
upon the truncat(‘d edges of the gneiss, tlie inclined strata of which 
had been denuded before the sedimentary beds w^erc superimposed 

♦ IVocccd. Gcol ScfC., vol. ii. p. 562.; works of Kcilhan. with whom I cx- 
and Tnms. 2d scr. vol v. p, 686. aniined this couutry. 

f Sec the Gfiea N’orvegica and other 
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Omnite lendiiig reins Into fttlurUn itraCa and Gneiss. Christiania. Norway. 

(sf^e fig, 753.). The signs of denudation are twofold; first, the 
surface of the gneiss is seen occasionallj, on the removal of the 
newer bods, containing organic remains, to be worn and smoothed ; 
sroondJy, pebbles of gneiss have been found in some of these Silurian 
Btrata. BetwiHin the origin, therefore, of the gneiss and the granite 
there intervened, first, the period when the strata of gneiss were 
denuded ; secondly, the period of the deposition of the Silurian de- 
posits. Yet the granite produced after this long interval is often so 
intimately blended with the ancient gneiss, at the point of junction, 
that it is impossible to draw any other than an arbitrary line of 
separation between them ; and where this is not the case, tortuous 
veins of granite pass freely through gneiss, ending sometimes in 
threads, as if the older rock had offered no resistance to their passage. 
These appearances may probably be due to hydrothermal action (see 
below, p. 731.). I shall merely observe in this place that had such 
junctions alone been visible, and had we not learnt, from other 
sections, how long a period elapsed between the consolidation of tlie 
gneiss and the injection of this granite, we might have suspected 
that the gneiss was scarcely solidified, or had not yet assumed its 
complete motamorphic character when invaded by the plutonic rock. 
From this example we may learn how impossible it is to conjecture 
whether certain granites in Scotland, and other countries, which 
send veins into gneiss and other metamorphic rocks, are primary, or 
whether they may not belong to some secondary or tertiary period. 

Oldest granites , — It is not half a century since the doctrine was 
very general that all granitic rocks were primitive^ that is to say, that 
they originated before the deposition of the first sedimentary strata, 
and before the creation of organic beings (see above, p. 9.). But so 
greatly are our views now changed, that we find it no easy task to 
point out a single mass of granite demonstrably more ancient than all 
the known fossiliferous deposits. Could we discover some Lower 
Cambrian strata resting immediately on granite, there being no alter- 
ations at the point of contact, nor any intersecting granitic veins, we 
might then affirm the plutonic rock to have originated before the 
oldest known fossiliferous strata. Still it would be presumptuous, 
as we have already pointed out (p. 582,), to suppose that when a 
small part only of the globe has been investigated, we are acquainted 
with the oldest fossiliferous strata in the crust of our planet Even 
when these are found, we cannot assume that there never were any 
antecedent strata containing organic remains, which may have 
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become metamorphic. If we find pebbles of granite in a conglo- 
merate of the Lower Cambrian gjrstem, we may then feel assured that 
the parent granite was formed before the Ix>wer Cambrian formation. 
But if ^e incumbent strata be merely Silurian or Upper Cambrian, 
the fundamental granite, although of high antiquity, may be posterior 
in date to knoum fossiliferous formations. 

Protrusion of solid granite . — In part of Suthcrlandshire, near 
Brora, common granite, coropose<l of felspar, quarts, and mica, is in 
immediate contact with Oolitic strata, and has clearly been elevated 
to the surface at a period subsequent to the deposition of those strata.* 
Professor Sedgwick and Sir R. Murchison conceive that this granite 
has been upheaved in a solid form ; and that in breaking through the 
submarine deposits, with which it was not perhaps originally in con- 
tact, it has fractured them so as to form a breccia along the line of 
junction. This breccia consists of fragments of shale, sandstone, ami 
limestone, with fossils of the oolite, all united together by a calcareous 
C(‘ment. The secondary strata, at some distance from the granite, 
are but slightly disturbed, but in pro|)ortion to their proximity tlie 
amount of dislocation lK*comes greater. 

If wo admit that solid hypogeno rocks, whether stratified or un- 
stratified, have in such casc*s been driven upwards so as to pierce 
through yielding sedimentary deposits, we shall bt> enabled to account 
for many geological appearances otherwise inexplicable. Thus, for 
example, at Weinbohla and Hohnstein, near Meissen, in Saxony, a 
mass of granite has been observed covering strata of the Cretaceous 
and Oolitic periods for the space of between 300 and 400 yards 
square. It appears clearly from a memoir of Dr. B. Cotta on this 
subject f, that the granite was thrust into its actual position when 
solid. There are no intersecting veins at the junction, — no alteration 
as if by heat, but evident signs of rubbing, and a brt»ccia in some 
places, in which pieces of granite are mingled with broken fragments 
of the secondary rocks. As the granite overhangs both the lias and 
chalk, so the lias is in some places bent over strata of the cretaceous era. 

Relative age of the granites of Arran.^ln this island, the largest 
in the Firth of Clyde, being twenty miles in length from north to 
south, the four great classes of rocks, the fossiliferous, volcanic, plu- 
tonic, and metamorphic, are all conspicuously displayed within a 
very small area, and with their peculiar characters strongly con- 
trasted. In the north of the island the granite rises to the height 
of nearly 3000 feet above the terminating in mountainous peaks. 
(See section, fig, 754.). On the fianks of^the same mountains arc 
chlori tic-schists, blue roofing-slate, and other rocks of the metamor- 
phic order (No. 1.), into which the granite (No. 2.) sends veins. 
This granite, therefore, is newer than the hypogeno schists (No. 1.), 
which it penetrates. 

These schists are highly inclined. Upon them rest beds of con- 

• Marchisoii, GcoL Trans., 2d series, t Oeognoitische Wtndeningen, Leip- 
Tol it p. 307 xig, IS33. 
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/[glomerate and sandstone (No. 3.), which are referable to the Old 
Red formation, to which Bucce^ various shales and limestones 
(No. 4.) containing the fossils of the Carboniferous period, upon 
which are other strata of sandstone and conglomerate (the higher 
beds of No. 4.), in which no fossils have been met with. These are 
perhaps carboniferous, though it has been conjectured that they may 
belong to the New Red Sandstone, or at least to some part of the 
Poikilitic period. All the preceding formations are cut through by 
the volcanic rocks (No. 6.), which consist of greenstone, basalt, 
})itchstone, felstone and other varieties. These appear either in the 
form of dikes, or in dense masses from 50 to 7(X) feet in thickness, 
ov(‘rlying the strata (No. 4.). In one region, at Ploverfield, in Glen 
Cloy, a fine-grained granite (5 a) is seen to send veins through the 
sandstone or the upper strata of No. 4. This interesting discovery 
of granite in the southern region of Arran, at a point where it is 
separated from the northern mass of the same rock by a great thick- 
ness of secondary strata, was made by M. L. A. Necker of Geneva, 
during bis survey of Arran in 1839. Dr. MncCulloch had long bt‘- 
fore pointed out that in tlie granitic nucleus of the north there were 
two distinct varieties of granite (sec diagram, p. 722.) occupying 
separate tracts, both consisting of quartz, felspar, and mica, but tlui 
cryslallino grains in the fine variety being so small as often to im- 
part to it an arenaceous aspect and sandy feel. Prof. Ramsay 
aftiU’wards trac(‘d out the geographical limits of both varieties, and 
th(*se liave since l)(‘en more pn‘cisely defined and laid down on a ma]) 
by Dr. Rryee, author of a valuable 'work on the geology of Arran. 
The last-irKMitioned observer remarks that the fine-grained kind 
iiev(T reaches so great an elevation above the level of tlic sea as 
does the coars(‘-graincd. He also discovered, in 18(34, that the fine- 
grained variety is not entirely isolated, as formerly supposed, within 
a boundary of the coarse, but that, on the south side of the nucleus, 
it comes into contact '^utli the slates, which it penetrates and alters. 
The same geologist also found that, besides the outlier of fine- 
grained granite at Ploverfield, there is another smaller outbreak of 
the same rock to the westward, a quarter of a mile long and from 
2oO to 300 yards broad. It is called the Craig-Dhu granite, and 
seems to rise at the junction of the Old Red sandstone with tho 
Carboniferous stratju 

At and near the point of contact the base of the conglomerate of 
the Old Red consisting of sandstone is rendered crystalline, and 
fragments of granite of an elliptical form and of the same mineral 
structure as the adjoining mass of fine granite are included in the 
sandstone or conglomerate. It has been already stated that no 
pieces of granite, rounded or angular, occur elsewhere in the Old 
Red, and as they are only found here in close proximity to the cry- 
stalline and intrusive rock, Dr. Bryce supposes that they were 
injected into the strata in a fluid or semi-fluid state. I have seen 
a similar junction in Caithness, of which Sir R. Murchison in 
1827, and again in 1828 jointly with Professor Sedgwick, has given 
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a faithful description. Close to the point of contact of certain 
oolitic sandstones, shales and limestones in the Caitimess 
a breccia occurs containins^ granite fragments misled with those 
of the invaded rock. The granite, they sa>% ap|H‘ttrs ns if it 
had been mechanienliy driven in among tl»e sluittenHl and altered 
strata.* In the coarse-grained granite of the northern nucleus 
trap-dikes of pitchstone and basalt are numerous, but dikes are 
coroparativtdy rare in tlio fine-grained granite, and were even sup- 
posed to be entirely wanting until three or four, consisting of Imsult 
and greenstone, were discovered by Dr. Hryce, running north and 
north-west. It seems therefore fair to infer, as Prof. Uaiusay has dcuie, 
that many of the dikes jametrating the older granite are eut otf at 
the junetiun of tin* newer or fine graiiit'd variety in the manner ex- 
pressed at c, </, fig. 7o4., though no such cutting olf luis Ikhui 
actually observed. We may also f<*el assured tliiit S(»ine of tlio dikes 
traversing the fine must also peiietruit' the coarse-grnin<‘d granite*, 
as Dr. Bryce infers, althougli, as yet, he has not observed the actual 
passage of any one from the newer to the older rock. There can 
he scarcely a doubt that tlie fiiie-graiued variety of nucleua and the 
sifnilar rocks of Ploverfield and Craig-Dhu are of contemporaneous 
date, and they seem to be more modem than all the formations of 
Arran, except tlie overlying trap (No. (>.) and its associati*d dikes. 
But the courser graniU? (No. 2.) may be the oldest roek in Arran, 
with tlie exception of the hypogene slates (No. 1.), into which it 
sends veins, and which it alters at the point of contact. 

An objection may p(.‘rhaps at first lx* started to this eomdusion, 
derived from the eurious and striking fact, the importance of which 
was first (*mphati(*ally pointed out by Dr. MacCulloeh, that no 
pebbles of granite occur iu the congl(»merateK of the red saiid.stone 
in Arran, although these eonglonx*rates are several hundred feet in 
lllickrle8^, and lie at the fisit of lofty granite mountains, which tow(*r 
above them. As a general rule, all such aggregates id' pebbles ami 
sand are mainly composed of the wreck of pre* existing roiiks oeeur- 
ring in the immediate vicinity. The total ahsemte therefore of gra- 
nitic pebbh's lias justly been a theme of wonder to those geologists 
who have successively visited Arran, and they have earcfully searched 
tliere, as I have done myself, t4» find an exception, but in vain. The 
lounded masses consist exclusively of quartz, chlorite-schist, and 
Ollier members of the inetamorphic series ; nor in the newer eoriglo- 
merates of No. 3. have any granitic fragments lH*en discovered. Are 
we then entitled to affirm that the coarso' grained graniti- (No. 2.), like 
the fine-grained variety (No. 5.), is more modern than all the other 
rocks of the island? This we cannot assume, but we may confidently 
infer that when the various beds of sandstone and conglomcrat© were 
formed, no granite had reached the surface, or had been exposed to 
denudation in Arran. It is clear that the crystalline schists were 
ground into sand and shingle when the strata No. 3. were deposited, 


♦ Geol. Trans., Second Series, toI. ii. p. 353., and voL iii. p. 132. 
3 A 
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and at that time the wavei» had never acted upon the granite, which 
now sends its veins into the schist* Maj we then conclude, that the 
schists sudtTod denudation before they were invaded by granite? 
The opinion, although not inadmis>ible, is by no means fully borne 
out by the evidence. For at tliat time when the Old Red Sandstone 
originated, the nietamorphic strata may have formed islands in the 
sea, as in tig. T5.5., over which the breakers rolled, or from which 


Vig, 7Mk. 



torrents and rivers descended, earrytng down gravel atul sand. The 
}>lut(U)ic rock or granite { ii) may even tlnui have be(*n f)revioiisly 
injected at a certain depth below, and yet may never have been 
exposed to di'nudatiun. 

As to the time and maniKT of the subsequent protrusion of the 
coars(^»grained granite (No. 2.), this roek may hav(* been thrust up 
bodily in a solid form, during that long S(*rieH of igneous o[)erationrt 
wlii(di produced the plulonic formations (No. and some of the 
trap dikes of tl:e same age. 

We have shown that these eruptions, whatever their date, were 
posterior to the deposition of all the fossiliferous strata of Arran. 
W(‘ can also prove that snbsec|uently both tlie granitic and frappean 
rocks und(‘rwent great aqm^ous denudation, which they probably 
sulbu-ed during their ermTgenee from the s(?a. The fact is demon- 
strated by the al)ruf>t truneaiion of numerous dikes, such as those at 
b, c, dj whi<‘h an^ cut otf on the surface <d’ the granite and trap. 

The theory of the jjrotnision in a solid form of the nortliern 
nuehms of granite is eonfirmeil by th(‘ manner in which the bypogene 
slates (No. 1.) and the l)<*ds of conglomerate (No. 3.) dif) away from 
it on all sides. In some places indeed the slates are inclined towards 
the granite, but this (‘xeeption might have been looked for, because 
these hypogeue strata have undergone dir'turbances at more than 
one geological ( poch, and may at some points, jierliaps, have their 
original ordtT of position inverted. The high inclination, therefore, 
and tije quatpiaversal dip of the beds around the borders of the 
granitic boss, and the comparative liorizontality of the fossiliferous 
strata in the southern part of the island, are facts which all accord 
w ith the hypothesis of a great amount of movement at that point 
where the granite? is supposed to have been thrust up bodily, and 
where we may conceive it to have been distended laU?rally by the 
repeated injection of fresh supplies of melted materials.* 

* For th<? geology of Arran, which I Tranj*., Second Ser.), Mr. L. A. ] 
examined myself in 1836, consult the Memoir, read to the Royal 8oc. of Edin. 
work«()fDr8. Hutton and MacCulh>ch, 20;h April, 18i0. and Prof. Ramiay*! 
the Memoirs of Messrs. Von Dechen (leoL of Arran, 1841, mud Imstly, Mr. 
and Oeynhausen, that of Professor Bryce’s Geol. of Arran and Clydesdale, 
Sedgwick and Sir R. Murchison (Geol. 3rd ed. 1864. 
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CFIAPTER XXXV. 

MKTAMOKPHIC ROCKS. 

character of mctamor)>hic rocks — Gneiss — IfomblcTide-schist — Mica- 
schist — Clay-slate — Quartzite — ('hlorite-schist — Mctamorphic limestone — 
AlphalKJtical list and explanation of the more abundant rocks of this family 
— Origin of the inctaiuorjdiic strata — Their stratification — Fossiliferous strata 
near i»itrusivc masses of granite converted into rocks identical as ith diflerent 
members of the mctamorphic scries — Argiinicnts hence derived as to tlie 
natjire of plutonic action — Time may enable this action to jKjrvadc denser 
masses — From what kinds of sedimentary rock each variety of the nictnrnorphte 
elass may bo derived — Certain objections to the metamorphic theor}' considered 
— Fartial conversion of Eocene slate into gneiss. 

We have now considered throe distinct classes of rocks: first, tho 
u<iueou«, or foasiliferous ; secondly, tlie volcanic ; and, thirdly, the 
plutonic, or granitic ; and it remains fur us to examine those crys- 
talline (or hypogene) strata to which tht‘ name of melomorpluc 
lias be(*n assigned. Tne last-mentioned term ^xpr<‘^^es, as Ix fure 
explained, a theoretical opinion that sindi strata, after having he(‘n 
dep()sit(*d from water, ac(juin*d, by the influenc(‘ of h(‘at and otlnn* 
causes, a highly crystallitR" texture. They who still question this 
opinion may call the rocks umler consideration the stratified hypo- 
gene, or schistose hyjiogeiu* formations. 

These rocks, when in their most characteristic or normal state, are 
wholly devoid of organic remains, and contain no distinct fragnumts 
of other rocks, wlu'ther rounded or angular. Tliey sometimes break 
out in the central parts of narrow mountain cliains, but in other 
cases extend over areas of vast dimensions, occupying, for example, 
nearly the whole of Norway and Sweden, where, as in Brazil, they 
appear alike in the lower and higher grounds. In Great Britain, 
those members of tiie series which approach most nearly to granite 
in their composition, as gneiss, mica-schist, and hornblende-schist, 
are confined to the country north of the rivers Forth and Clyde. 

However crystalline those rocks may become in certain regions, 
they never, like granite or trap, send veins into contiguous forma- 
tions, whether into an older schist or granite or into a set of newer 
fossiliferous strata. 

Many attempts have been made to trace a general order of suc- 
cession or superposition in the members of this family ; clay-slate, 
for example, having been often supposed to hold invariably a higher 
geological position than mica-schist, and mica-schist always to 
overlie gneiss. But although such an order may prevail through- 
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out HmiU^d district.s it is by no means universal. To tliia subject^ 
liowever. I shall again revert^ in the 37th chapter, when tlie cbro- 
nologioal relatiou'i of the xnetamorphie rocks are jH)inte<l out 

The following may be enumerated as the principal ineinlan's of tlu^ 
nutamorphic class: — gneiss, mica-schist, hornblende-schist, clay- 
chloriie-schist, hypogcme or raetamorphic limestone, and ctTtain 
kinds of (piartz-rock or quartzite. 

(tfieiss. — The first of these, gneiss, may be calltnl stratiheil, or, by 
those who object to that ttu ni, foliated, granite, Inung fornuHl of the 
same materials as granite, namrly, feK|mr, (juartz, and mica. In the 
sfM‘cimen here* figured, the white Iay<*rs consist almost exclusively (»f 
granular felspar, with here and thore u speck of mica and grain of 
quartz. The dark layers are eomposed of grey quartz and hlaek 


Fig. 7^. 



Fr4ginet)t of gitt'Ui, nHitjr.i) : »<*ction made at right Aiiglfl* to 
Iht* pUnuH of foliation. 


mica^ with occasionally a grain of felspar intermixed. The rock 
splits most (‘usily in the jilane of these darker laycTs, and the surfaee 
thus ex}»os('(l is almo.st entirely covered with shining spangles of 
mica. "J’he accompanying (piartz, however, greatly predominates in 
quantity, hut tlie most ready cleavage is det<*rmined by the ahun- 
danee of mica in certain parts of the dark layer. 

Instead of consisting of thes<* thin laminai, gneiss is sometinn^s 
simply divided into thick beds, in which the mica ha« only a slight 
degree of parallelism to the planes of stratification. 

The term “gneiss,” however, in geology is commonly ufw*d in a 
wilier sens<% to designate a formation in which the above-mentioned 
rock prevails, but with which any one of the other metamorphie 
rocks, and more especially hornblende-schist, may alternate. These 
otlier membi‘rsof the metamorphie series arc, in this case, considered 
as subordinate to the true gneiss. 

The different varieties of rock allied to gneiss, into which felspar 
enters as an essential ingredient, will be undersUxKl by referring to 
what was .said of granite. Thus, for example, hornblende may be 
.«uperadded to mica, quartz, and felspar, forming a syenitic gneiss ; 
or talc may be substituted for mica, constituting talcose gneiss, a 
rock composed of felspar, quartz, and talc, in distinct crystals or 
grains (stratified protoginc of the French). 

Hornblende-schist is usually black, and composed principally of 
hornblende, with a variable quantity of felspar, and sometimes grains 
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of quartz. When the hornblende and felspar are nearly in equal 
quantities, and the rock is not slaty, it corresponds in character with 
the greenstones of the trap family, and has bt^en called primitive 
greentttone.^ It may be termed hornblende rock. Some of these 
hornblendic masses may really have been volcanic rocks, which have 
since assumed a more crystalline or metamorphic texture. 

Mica-schut^ or Micaceous schist^ is, next to gneiss, one of the most 
abundant rocks of the metamorphic scries. It is slaty, essentially 
compos(‘d of mica and quartz, the mica sometimes a[q)euring to con- 
stitute the whole mass. Beds of pure quartz al.'^o occur in this 
ffinnution. In some districts, garnets in regular twelve-sided crystals 
form an integrant part of mica-schist. This rock passes by insensible 
gradations into clay-slate. 

Clny-slfite^ or Artjillaceous schist. — This rock sometimes resembles 
an indurat(*d clay or shale. It is for the mo>t part extremely fissile, 
often affording good roofing-slate. Occasionally it derives a shining 
and silky lustre from tlm minute particles of mica or talc which it 
contains. It varies from greenish or bluish -grey to a lead colour; 
and it may be said of this, more than of any other schist, that it is 
common to the metamorphic and fossiliferous series, for some clay- 
slaU^s takem from each division would not be distinguishable by 
mineral eJiaracters alone. 

Quartzite^ or Quartz rocky is an aggr(‘gate of grains of quartz 
wbiedi are either in minute crystals, or in many cases slightly 
rounded, occurring in regular strata, associated with gneiss or other 
m(‘t!unor]»hic rf»cks. C'omj)act quartz, like that so fn^quently found 
in veins, is also found together with granular quartzite. Both of 
tli(‘se alternate with gneiss or mica-schist, or pass into those rocks 
by th(* addition of mica, or of felspar and mica. 

Chlorite-schist is a green slaty rock, in wdiich chlorite is abundant 
in foliated plates, usually blended with minute grains of quartz, or 
s(iuu‘times with felsj)ar or mica ; often associated with, and gra- 
duating into, gniuss and clay-slate. 

Cri/stallhic or Metamorphic limestone, — This liypogeno rock, 
called by the earlier geologists primary limrstaney is sometimes a 
white crystalline granular marble, which when in thick beds can be 
used iu sculpture ; but more frequently it occurs in thin beds, iorm- 
ing a foliated schist imieh resembling in colour and api)earance 
certain varieties of gneiss and mica-schist. When it alternates with 
these rocks, it often contains some crystals of mica, and occasionally 
quartz, felspar, hornblende, talc, chlorite, garnet, and other minerals. 
It enters sparingly into the structure of the liypogene districts 
of Norway, Sweden, and Scotland, but is largely developed in the 
Alps, 

Before offering any farther observations on the probable origin of 
the metamorphic rocks, I subjoin, in the form of a glossary, a brief 
explanation of some of the principal varieties and their synonyms. 
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Explanation of the Name»j Spton^ms^ and Mineral Composition of 
the more abundant Metamorphic Hocks. 

Actwoute-scmist. a »latr folUted rock, coinjKi^ed chiefly of actinolito, (an 
cnurald-^rcen mineniJ, allied to horubleJido,) with liumc admixture of 
jrarnet, mica, and tjuari/.. 

Amtelitk. Ahiminouii hiute (Bronguiari) ; occurs both in the tuulaiuorphic and 
fowiilifcroiw series. 

Amphiimilite, Hornblende ro<'k, which soc. 

AttoiLLACEotrs-scuisT, vT Clav-slate. 6Ve p, 726. 

Aekose. Name given by Broiigniart to a compound of the same materials as 
granite, which it often re.Hembles closely. It is found at the junction of 
granite with formations of <liflerent ages, and consists of crystals of felspar, 
quartz, and sometimes mica, which, after separation from their original 
matrix by disintegration, have l>een reunited by a siliceous or quuriAOSo 
cement. It is often penetrated by quartz veino. 

CaiAJSTOiJTE-SLATE scarcclv differs from elay-slalc, but ineludes numerous crystals 
of Chiostedite : in cotisidcrable thickness in C'utnberland, ChiastoUlc 
occurs in long slender rhumboidal crystals. Fi>r composiiiun, see I’ahh', 
p. 602. 

CiiLonn i.*h( iii8T. A green slaty rock, in which cldoritc, a green scaly mineral, 
is abundant. See p. 726. 

Ceat-slatk or AHGii.LACEoi:»-»citi9T. Sec p. 72G. 

Kuuite has been already mentioned as a plutonic nak (p. 700.), but occurs also 
with precisely the same composition in bed.s »ulK>rdiiiuic to gneiss or imca- 
slate. 

Gneiss. A stratified or foliated rock ; has the same comj)osition as granite. See 
j). 725. 

UouNUEKNOE UoTK, or AMPHin<>MTE. Sce above, p, coo. A member both of 
the volcanic and metamorphic series. Agrees in composition with liorn- 
blende-sehist, hut is not fissile. 

UouNHLENOK-sciiiST, Of SLATE. Com{>osed of humhleiidc and felspar. Sec 
p. 725. 

Horn«lk.m> 1 (J or Stemtic Gneiss. Composed of felsjair, fpiariz, and horn- 
blcnde. 

Utpooem: Limestone. 6\e p. 726. 

]\fAUbLE. See pp. 12. & 726. 

JkliCA-scHiST, or Mn A< Eoi S'SemsT. A slaty rock, composed of mica and 
quartz, in variable ]>roponions. 6Vc p. 726. 

Mica-slate. Set Mjca-si iu.st, p. 726. 

Piiru.AOE. D’Anhuisson’s terra for clay-slate, from fuhXa;, a heap of leaves. 

PiiiMvnr Limestone. See Hypooene Li.mlstonl, p. 720. 

l*KOi<x;iNE. See Talcose-gneiss, p. 725.; when unstratificd it is Taicose- 
granite. 

Quartz Rock, or Quartzite. A stratified rock ; an aggregate of grains of 
quartz. See p. 726. 

Serfkntine has already been descrilicd (p. 601.) because it occurs in both divi- 
sions of the hypogcnc series, as a strati lied or misiratified rock. 

Talcose-oneiss. Same composition as talcose- granite or protogine, but stratified 
or foliated. Set p. 725. 

Talcose-scbist consists chiefly of talc, or of talc and quartz, or of talc and fel- 
spar, and bus a texture sometliing like that of clay^idate. 
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Oriffin of the Metamorphic Strata, 

Having wiifl thus much of the mineral composition of the meta- 
morjihic rocks, I may combine what remains to be said of their 
structure and history with an account of the opinions entertained of 
their probable origin. At the same time, it may l)e well to forewarn 
the reader that we are here entering upon ground of controversy, 
and soon n uch tlie limits where |)Ositive induction ends, and beyond 
whic h we can only indulge in speculations. It was once a favourite 
doctrine, and is still maintained by many, that these rocks ow^e their 
crystal line; Uixture, their want of all signs of a mechanical origin, or 
(»f fossil contents, to a |>i*culiar and nascent condition of the planet at 
fh<* period of tlieir formation. The arguments in refufatioti of this 
Jiypothesis will be more fully consid<*red when I show, in the thirty- 
sevnith chapter, to how many different ages the metamorphic 
fonnatiuns are referable, and how gneiss, mica-schist, clay-slate, and 
liypog(‘no limestone (that of Carrara for example*) have bi*en formed, 
not oidy since; tlie first introduction of organic beings into this j)hinet, 
bill <‘ven long aft(*r many distinct races of plants and animals had 
passed away in succession. 

'flic doctrine resjiecthig the crystalline strata, implied in tlio 
name ni(*tamor])hic, may ])roperly bt* treated of in this phi(‘e ; and 
we must lirst in([nin* whetlu‘r these* rocks art* r(*ally entitled to be 
ealle*d straiifit'd in the strict sense of having bet*n originally dc- 
posit(‘(l as sediment from water. The g(*iu‘ral adoptie>n by geologists 
ol* tin* te'rrn stratified, as applied to th<‘H; rocks, sufliciently attests 
the*ir division inte) beds very analogous, at least in form, to ordinary 
fossiliferous strata. This reseniblunee is hy no means confined to 
the* existence in both eiccasionally of a laminated structure, but ex- 
teiiels to every kind of arrangement wdiich is compatible wdth the 
ahs(;uc(* of fossils, and of sand, pebbles, rii>ple-inark, and other clia- 
racters which the metamorphic theory sujiposes to have been ob- 
lite'rate*d by plutemic aetieni. Thus, for example, we behold alike in 
the crystalliue and fossiliferous formations an alternation of beds 
varying greatly in composition, colour, and thickness. We observe, 
for instance*, gneiss alternating with layers of black hornblende- 
schist, or of green chlorite-schist, or with granular quartz, or lime- 
stone ; and the interchange of these different strata may be repeated 
for an indefinite numb<*r of times. In the like manner, mica-schist 
alternates wdth chlorite-schist, and with beds of pure quartz or of 
granular limestone. 

We have alreaily seen that, near the immediate contact of granitic 
veins and volcanic dikes, very extraordinary alterations in rocks 
have taken place, more especially in the neighbourhood of granite. 
It wdll be useful here to add other illustrations, showing that a tex- 
ture undistinguishable from that which characterizes the more 
crystalline metamorphic formations has actually been superinduced 
in strata once fossiliferous. 
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In tlie southern extremity of Norway there is a large district, on 
the west side of the fiord of Chri.^tiauia, in wliieh granite or syenile 
protrudes in mountain masv^es through fossil iferous strata* and UMiwlly 
sends veins into them at the [loint of contact. Tiu‘ strati (led nwks, 
replete with shells and z(K^{>hyt«‘s consist chi(‘fly of shale, limeslimts 
and some sandston<‘, and all these are invariably alttu'ed lu ar (he 
granite for a distance of from .>() to 40() yards. The* nlnminous 
shales are lnird(Mu»d aiul hav(» Iw^come flinty. Soimuinies they re- 
‘i^inblc jasper. Kiblunn'd jasper i*' pro<iuee»l hy the hardening of 
alt(*rnate layers of gr(‘en and <-hocolate-colonred schist, each stripe 
faithfully representing the original lines of stratification. Neanr 
the granite the schist often contains crystals of hornblemh*, which 
are (*ven ni(*t with in sonu* plaees for a distance* of several hundred 
yards from tin* junction; and this black hornblende* is so abundani 
that emiin*nt geologists, when parsing through tin* <‘ounlry, ha\e 
confounded it witli the ancie nt horiiblende-sehist, snborelinate to (ht* 
great gn(*iss forinatioii of Norway. Fre<ju<*ntly, between the granite* 
ami the* lioi nble^mh' ‘'late, ub<»ve-nientioned, grtiins of mica and erys- 
lallim* felspar appear in the,* schist, so that necks re<(‘nibling gm iss 
and ini<‘a-scliist an* [)nHlii(*i*d. Fees^ils cun rarely be* ile tecled in 
tlu'se "cliists ami lh<*y an* more* comple tely etVuee*(l in preeportion to 
the* more crystalline* t(‘Xture e)f the be-eK, ami Ibeir vicinily to the 
granite*. In srune places the silict‘ems matter (♦f thei schist heceanes a 
granular (juartz ; and wiie*n he>rnbie*mle ami mica are aeleled, the* 
altered rock leases its stratification, ami passes into a kind of* granite*. 
Tdu' limestone*, wdiieli at pe>ints re‘inote* from the granite is of an 
e*arthv texture* anel blm* eolonr, ami ()fte*n ahoniiefs in ceerals, be*e*(»nu*s 
a white* granular rnarhle* ne‘ar the* granite*, se)me'time*s siliceous, the 
granular slrneture e-xte-mling ex'casjeunilly upwanln ed’ 4()() yanis from 
the* junctiein ; the* corals being for the* irmst part oblileTate d, themgli 
sometimes j»rese*rv(‘el, e‘ve‘u in the wdiite inarlele*. iloth the* ulten‘<l 


l eg 757. 



Altered tone of foMiliferou* ilate and Umi*»lrme near granUe. 

The arrow* imdicate the dip, and the ilratght hne$ the ttrUe, of the b*4M. 


limestone and hardened slate contain garnets in many places, also 
ores of iron, lead, and copj>er, wdth some silver. These alterations 
occur equally, whether the granite invades the strata in a line pa- 
rallel to the general strike of the fossiiiferous beds, or in a line at 
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right angles to their strike, as will be seen by the accompanying 
ground plan.* 

The indurated and ribboned schists above mentioned bear a strong 
r(‘Hernblance to certain sliales of the coal found at Russell’s Hall, 
near Dudley, when; coal-mines have been on fire for ages. Ihnls of 
shale of considerable thickness, lying over the burning coal, have 
b(M‘n baked and hardened .so as to acquire a flinty fracture, the layers 
being alternately green and brick-coloured. 

The granite of Cornwall, in like manner, sends forth veins into a 
coarse argillae(*ous-schist, provineially termed killas. This killas is 
convcrtod into hornblende->ehl.st near th<* contact with the >eins. 
'riiese aj)pcaranees are well seen at the junction of the granite and 
killas, in 8t. Miclund’s Mount, a small i.dand nearly 30() feet high, 
situat(*d ill the bay, at a distance of about three miles froui Pen- 
zance. 

'The granite of Dartmoor, in Devonshire, says Sir II. De la Beche, 
lias intruded itself into the slate and .^laty sand>tune called grey waekc, 
twisting and contorting the strata, and sending veins into them. 
Hence sonn* of tin* slate rocks have beeoine inieaeeous ; others more 
indurat(*d, and witli the eliaractcTs of miea-slute and gnei.ss ; while 
otlnu's again appear converted into a hard-zoned ruck strongly im- 
pregnated with felspar.” f 

W(* learn from the investigations of M. Dufrenoy, that in the 
eastern Pyrenees th(‘re are mountain inassCvN of granite posterior in 
date to the formations called lias and elinlk of that tli>triet, and that 
lh(‘se fossiliferous rocks are greatly alt(‘n*d in texture, and ofteu 
charged with iroii-on*, in the neighbonrliood of the granite. Thus 
in the environs of 8t. Martin, near 8t. Paul de PYnouillet, the chalky 
linn*stone becomes more crystalline and saeeliaroid as it approaclK*s 
the granite, and los(‘s all trace of tlu* fossils which it previously eon- 
tain(*d in abundance. At some ]>oints, also, it becomes dolomitic, 
and filled with small v<‘ins of carbonate of iron, and spots of red 
iron-ore. At Raneie tlu^ lias nearest tlie granite is not only filled 
with iron-ore, but ebarg(*d w ith pyrites, tremolite, garnet, and a new 
mineral somewhat allied to felspar, called, from the place in the 
Pyrenees wln're it occurs, “ coiizeranite.” 

Ncav the alt(‘rations above (i(‘seribed as superinduced in rocks by 
volcanic dikes and granite veins prove incontestably that powers 
exist in nature capable of transforming fossiliferous into crystalline 
strata — powders capable of generating in them a mwv mineral charac- 
ter, similar to, nay, oft(‘n absolutely identical wdth that of gneis.s, 
mica-schist, and other stratitied members of the hypogcne series. The 
precise nature of these altering causes, which may provisionally be 
termed plutonic, is in a gn*at degree obscure and doubtful ; but 
their reality is no less clear, and w’e must suppose the influence of 
heat to be in some way connected with the transmutation, if, for 
reasons before explained, >ve concede the igneous origin of granite. 


Ecilhau, Gaea Norvegica, pp.61 — 63. 


t GeoL Manual, p* 479* 
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The ex[>erirDents of Gn^gory Watt, in fusing rocks in the laWa- 
lory, and allowing them to consolidate by slow cooling, prove dis- 
tinctly that a rock need not la? j>erfectly melted in order that a 
re-arrangement of its coinjKinent particles should take place, and a 
joirtial crystallization ensue.* Wo may easily 8Uf>pose, therefore, 
that all tnw^es of sheila and other organic remains may be destroyed ; 
and that new chemical combinati«nH may arise, without the mass being 
so fused m that the lines of stratification should he wholly obliterated. 

We must not, however, imagine that heat uhuie, such as may he 
applied to a stone in the open air, can constitute all (hat is cornpriw<‘d 
in platonic action. We kmnv tliat voleanos in eruption not only 
emit fluid lava, but give off steam and other heated gases, wliich 
rusli out in enormous volume, for days, weeks, or years continuously, 
and are even disengagetl from la\H during its consolidation. 

We also know that long after volcanos have sjamt their force, 
liot springs continue for ages to flow out at various points in the 
sime area. In regions aL-^o suhjcet to violent earilnpiakes sueh 
springs are freijiiently oh.>erv(‘d i.-suing from rents, usually along 
lines of fault or (iisplaeinnent of the roeks. Thexj thermal waters 
are most eommonly charged with a varit ty of mineral ingredients, 
and they retain a remarkable uniformity of temperature Iruin een- 
tury to century. A like uniformity is also persisi(*nt in llie natui*o 
of the earthy, metallic, and gaseous substances witii w'hich they are 
impregnated. It is well ascertained that springs, whether Imt or 
cold, charged with carbonic acid, and especially with liydrofluoric 
acid, w'liich is olteii j>resent in small (juantiticjs, arc pcAverful causes 
of decomposition and chemical rc-action in rocks through which they 
percolate. 

The changes which Daubree has show^n to have bemi [>roduc(‘d 
by the alkaline waters of' IMomhieres in the* Vosges, are more espe- 
cially instructive.f These waters have a lieat of 100 F., or an 

excess of 100^ above the average temperature of ordinary springs in 
that district. Tliey were conveyeil by the Uomans to hatlis llirougli 
long conduits or aqueducts. The foundations of some of their works 
consisted of a bed of concrete made oiTime, fragments of brick, and 
sandstone. Through this and other masonry the hot waters have 
been |>crcolating for centuries, and have given rise to various zeo- 
lites — ai>opl>yiiite and chabazite among otliers ; also to ciilean-ous 
sp r, arragoiiite, and fluor spar, iogetlier with silit^eous minerals, 
such as opal, — all found in the interspaces of the bricks and mortar, 
or constituting part of their re-arranged materials. The quantity of 
heat brought into action in this instance in the course of 2(KK) years 
has, no doubt, been enonnous, but the intensity of it dcvcdo[>ed at 
any one moment has been always inconsiderable. • 

From these facts and from the experiments and observations of 

* Phil Trang., 1804. 

f Daubree, Sur k* Mctamorfjhisme ; Parii, I860. 
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Senarmont, Daubr^e, rX'lesf^e, Scheorer, Sorby, Stenry Hunt, and 
others, we are led to infer that when in the l^owek of the earth 
there are large volumes of molten matter, containing heated water 
and various acids under enormous pressure, these subterranean fluid 
masses will gradually part with their heat by the escape of steam 
and various gases tlirough fissures, jiroilucing hot springs ; or by the 
jiassago of the same tlirough the pores of llie overlying and injected 
rocks. Kveii the most com[)uct rocks may be regarded, Ix^fore they 
have been expos(*d to the air and dried, in the light of sponges filled 
with water. Accoriliiig to the experiments of Henry, water, under 
an hydroslatic pressure of ^K) feet, will absorb three times as mucii 
carbonic acid gas as it (’un under the ordinary pressure of the atmo- 
sphere. There are other gases, as well ap' the carbonic acid, which 
wjiter absorbs, and more rapidly in jiroportion to the amount of 
pressure, Aitliougli the gaseous matter first absorbed would soon 
be conden8(‘d, and part with its heat, yet the continual arrival of 
fresh supplies from below iniglit, in the course of ages, cause tie* 
tern I KTa til re of tlie water, and with it that of the containing rock, to 
b(‘ materially raised, the water acts not only as a vtdiicle of heat, 
hut also hy its afiiiiity for various silicates, wliich, when some of the 
mat(*rials of the invaded rocks are decorn]>osed, form quartx, f(‘lspar, 
mica, and other minerals. As for (|uaiiz, it can be prcalueed uiidt*!* 
the influence of heat hy water holding alkaline silicates in solution, 
as in the eahc* of the Ploinhieres ."jirings, without any chemical ri*- 
action. The quantity of wat<‘r reipiired, according to Dauhrec', lo 
producf* gr<‘at transformations in the mineral structure of rocks, is 
very small. As to the heat required, silicates may he produced in 
the moist way at about incipient r(*d heat, whereas to form the same 
in the dry way would require a much higher temperature. 

M. Fournet. in his description of the inetallilerous gneiss near 
Clermont, in Auvergne, states that all the minute fissures of the rock 
are quite saturated with free carbonic acid gas ; which gas rises 
plentifully from tlie soil there and in many parts of the surrounding 
country. The various ehunents of the gneiss, with the excejitioii of 
the quartz, are all softened ; and new' combinations of the acid wdth 
lime, iron, and manganese are continually in progress.* 

Another illustration (»f the pow’er of subterranean gases is afforded 
by the Stufas of 8t. Calogero, situated in the largest of the Lipari 
Islands. Here, according to the description published by Hoffmann, 
liorizonial strata of tuff, extending for 4 miles along the coast, and 
forming cliffs more than 200 feet high, have been discoloured in 
various places, and strangely altered by the “ all-penetrating va- 
pours.” Dark clays have become yellow, or often snow-white ; or 
have assumed a chequered or brecciated appearance, being crossed 
with ferruginous red stripes. In some places the fumeroles have 
l>een found by analysis to consist partly of sublimations of oxide of 
iron ; but it also appears that veins of chalcedony and opal, and 


See Principles, Indejc, “ Carbonated Springs,** &c. 
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others of fibrouB gypsuiUt have rebuked from ihetj© volcanic exhala* 
tions.* 

The reacier may also refer to M. Virlet’s account of the corrosion 
of hard, flinty, and jaspideous rocks near Corinth by the prulongtHl 
agency of subterranean gases f; and to Dr. DaulnMiy’s description of 
the deconi|) 08 ition of trachytic rocks in the SoUutura, near Naj)le», 
by sulphuretted hydrogen and muriatic acid gases.J 

Although in all these instances we can only study the phenomena 
as exhibited at the surface, it is clear tliat tlie gaseous fluids must 
have made their w-ay through the whole tliickne^s of porous or 
tissured rocks, which intervene In'tween tlu‘ subterranean re>ervoirs 
of gas and the external air. Tin* exttmt. therofure, of the <»arlirs 
crust which the vapours have peniu atiMl and are now permeating 
may be thousands of fathoms in thickness, ami their heating atnl 
modifying influence may bo .spread througliuut the wboli* of this 
solid mass. 

We b*ani from Vrof ssor lli>clK)fr that the steam of a hot spring 
at Aix-lu-Clmpelle. allbougli its teinp»‘ratiir(* is only from 133’ to 
1(>7^ F., has convc'rled the suifa<*e of some blocks of bhwk marble 
into a doughy mass. He conc«dves, thertd'ore, that steam in the 
bowels of the earth having a temperature e<iuiil or even greater than 
the melting point of lava, and having an elasticity of which even 
Papin’s digester can give but a faint idea, may convert rocks into 
li(iuid matter. § 

Tiie above observations are calculated to meet some of the ob- 
jections wdiicli have been urged against the im^tainorphic theory on 
the ground of the small power ol* rocks to eondn(!t lieat ; for it is 
well known that rocks, when dry ami in the air, differ remarkably 
from metuLs in this respect. It has been asked bow' tlie changes 
w hich extend merely for a few feet from the contact of a dike could 
liave penetrated through mountain imistses of crystalline strata 
several miles in thickness. Now it has been stated tliat the pln- 
toiiic influence of the syenite of Norway has sometimes altered 
fosbiliferous strata for a distance of a ipjarter of a mile, both in the 
direction of their dip and of their strike. (Sec fig. 7o7. p. 729.) 
This is uiidoubU'dly an extreme case; but it is natural to suppose 
that analogous causes may, under favourable eircumstances, affect 
masses of greater volume. The metamor[)hic theory does not 
require us to affirm that some contiguous mass of grnniUi has bet^n 
the altering [>ower ; but merely that an action, existing in the 
interior of the earth at an unknown depth, whether thermal, hydro- 
thermal, or other, analogous to that exerted near intruding masses 
of granite, has, in the course of vast and indefinite fieriods, and 
when rising perhaps from a large heated surface, reduced strata 

♦ Hoffman's Lipariseben Inseln, p. 38. X Trine, of Gcol. ; and Dauheny '• 

Leipzig, 1S32, Volcanos, p. 

t See Priiic. of Geol; and Bulkiin $ Jam. Ed. New Phil. Jottrn.,No.5l. 
de la Sue. Gtol. dc France, tom. ii. p. 43. 
p. 230. 
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thousands of yards thick to a stato of semi fusion, so that on cooling 
they have become crystalline, like gneiss. 

The prominent part which water has played in distributing the 
heat of the interior through mountain masses of incumbent strata, 
and in conveying various mineral elements in a fluid or gaseous 
st-ate into the same masses, so as to give rise in the course of long 
geological jM^riods to vast chemical changes, enaVdes us to dispense 
with the inUmse heat formerly thought neeessary for the production 
of the metarnorphic rocks. But, on the other hand, the length of 
time which must have l>ecn consumed during tlie escape of so much 
heat from molten matter underlying the solid crust, at the d<‘pth of 
many miles, raises our conception of the great original intensity of 
temperature required to bring those subterranean slioets of lava 
into a liquid state. That they are sometimes of vast horizontal 
extent, even hundreds of miles in length, seems proved by facts 
obstTved during eruptions in the volcanic region of the Andes. 

I'ho scorching heat radiated by lava in a volcanic crater, when it 
is wliite and glowing like the sun, prepares us to believe that the 
ternperjiture of the same fluid thousands of fathoms below, must far 
exce<‘d any beat which can over be witnessed at the surface. The 
uniform composition, tlie abs(*nce of stratification, and the great 
volume of the platonic rocks, is in perfirt accordance with the 
lluttonian hypothesis of the intense heat to which this class of rocks 
has owed its origin. 

In eonsid(‘riii<r, then, the various data already enumerated, the 
forms of stratifieatioTi and lamination in metarnorphic rocks, their 
jinssage on the one hand into (he fossiliferou?, and on the other into 
the [>hitonic formations, and the conversions which can be ascer- 
tained to have occurnal in the vicinity of granite, we may conclude 
that gnei>s and mica-schist niav he notliing more than altered 
micaceous and argillaceous saruhstoues, that granular quartz may 
have l>oen derivt*d from siliceous sandstone, and compact quartz 
fnun the same materials. (^lay-slate may he altered shale, and 
granular marble may have originated in the form of ordinary lime- 
stoiK*, rej)lete with shells and corals, which have since been obli- 
terated ; and, lastly, calcareous sands and marls may have been 
changed into impure crystalline limestones. 

“ Iloruhlende-schist,” says Dr. MacCulloch, “may at first have 
been mere clay ; for clay or shale is found altered by trap into 
Lydian stone, a substance differing from hornblende-schist almost 
solely in compactness and uniformity of texture.” ♦ “ In Shetland,” 
remarks the same author, “ argillaceous-schist ^or clay-slate), when 
in contact with granite, is sometimes converted into hornblende- 
schist, the schist becoming first siliceous, and ultimately, at the 
contact, hornblende-schist.” f 

The anthracite and plumbago associated with hypogene rocks 
may have been coal ; for not only is coal converted into anthracite 


Syst of GeoL, voL I p. 210. 


t Ibid., p. 211. 
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in the Ticinitj of some Imp dikes, but we have seen that a like 
change has taken place generally even far from the contact of 
igneous rocks, in the disturl)cd region of the Appalachians.* At 
Worcester, in the state of Massachusetts, miles due west of 
Boston, a bed of plumbago and impure anthrmnte occurs, inter- 
stratified with raica-scliist. It is about 2 feet in thickness, and lias 
been made use of Imth as fuel, and in the manufficture of b‘ml 
pencils. At the distance of 30 mib’S from the plumbago, there 
occurs, on the borders of Rhode l^lnnd, an impure anthracite in 
elates containing impressions of coal-plants of tlie genera /Vcop/frw, 
jVeuropteris^ Cahmiies, kr. This anthraeite is intiU'incMliate in 
clinracter between that of lVnn»ylvania and tlie plumbago of 
Worcester, in which last the ga<<‘ous or volatile matter (hydrogen, 
oxygen, and nitrogen) is to the carbon only in the proportion of 
t3 per cent. After traversing tln» country in various directions, 1 
came to the conolusion that the earhonif rotis sliales or slates with 
anthracite and plants, w hich in Rhode I^laixl olten pa-^s into mica- 
Bchist^ have at Worcesti*r u>sniiu‘d a perfectly crystHlllne and meta- 
mcm{>hic t<‘Xtiire; the anthracite having Immui nearly transmutc^d into 
that state of pure carl)on which is called [dumhago or graphite. f 

It has been reinark(‘d by M. Delesse that the ininerHls developed 
in hy[)ogene liineslone vary aceording to tho dt‘gree of metuinor- 
phism which the rock has undergone. Thus, for example, wlnu'o 
the structure is hut slightly ervstailine, tale, chlorite, serfamtine, 
aiidalusile, and kyanite are commonly present ; w Iktc it is more 
highly crystallized, garnet^ honihlende, wollastonite, dipyre, cou- 
zeranite, and some others appear; and. lastly, when* the erystHlIizu- 
tion is co!nplett‘, there are lourMl, in addition to many of th<‘ above 
minerals, felspar, especially those kinds which a?e richest in alkali, 
tog<‘ther with miea. I’he same author observes that, as ealearerms 
de})Osits usually contain some aluminous clay, ho we may naturally 
expect to meet with silicates cd' alurnimi in crystalline limcjHtoiKj; 
such silicates, accordingly, are frecpient, and occasionally even pure 
alumina crystallized in the form of corundum. J 

Mr, Dana lias suggested that the phc»phorie acid of phosphate of 
lime, and the fluor of fluor-spar, so ofum met with in crystalline 
limestone.s, may have be<*n derived from the remains of niollu'^ca 
and oilier animals; also that graphite (which is pure carbon in a 
crystalline form, wdth or without admixture of alumina, lime, or 
iron) may have been derived from vegetable remains imlx*dde<] in 
the original matrix. 

The total absence of any trace of fo^jsils has inclined many geo- 
logists to attribute the origin of the crystalline strata to a fxriod 
antecedent to the existence of organic beings. Admitting, they say, 
the obliteration, in some cases, of fossils by plu tonic action, we might 
still expect that traces of them would oflener occur in certain ancient 

* Sec above, pp. 494, 500. t Dclcsw. Bulletin Soc. G£*ol France, 

f See Lycll, Quart. Geol. Jouni., 2c »crie, torn. ix. p. 126., 1851. 

Tol i. p. 199. 
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gy^tems of slato, in which, in Cumberland, some confrloraerates 
occur. But in urginj? thin arpjument, it to have been for- 

potteii that there are stratified formations of enormous thickness, and 
of various aj^es, and some of them very modem, all formed after the 
earth had become the abmle of living er(*atures, which are, never- 
theless, in certain districts, entirely destitute of all vestiircs of or- 
^^anic bodies. In some, the traces of fossils may have been effaced 
by water and acids, at many successive periods; and it is clear, lliat 
the older tlie stratum, the jjreater is the chance of its being nonfossi- 
liferous, ev(‘n if it has escaped all metamorpliic action. 

It been also objected to the metaiuorphic theory, that the 
chcinieal eomposition f»f the secondary strata differs es^ientially from 
that of the crystalline schists, into whi(‘h they are suf)posed to h(‘ 
convertible.* Tlie “ [primary’* seliists, it is said, usually contain a 
con.sid<*rable proportion of potash, or of soda, wliich the secondary 
clays, sliales, and slates do not, these last being the result of the de- 
<*oin{>osition of felspathic rocks, from whicli the alkaline matter has 
Immuj abstracted during the process of decomposition. But this rea- 
soning procet'ds on insutfieiont and apjiartuitly mistaken data; for a 
larg(‘ p(»rtion of wliat is usually called clay, marl, sliale, and slate, do(‘s 
a<*tu!illy contain a c(*rt}>in, and often a eon^iiderahlo, [U'oportion of 
alkali ; so that it is difluMilt. in many countries, to obtain clay or 
shale sufbeieutly free iVcun alkaline ingredients to allow of their being 
burnt into bri('ks or ust‘d for pottery. 

Thus the argillace(nis sliales and slat<*s of the Old lied sandstone, 
in Forfarsliire and other parts of Scr>tl;ind, are so mucli eliarged with 
alkali, ilerived from triturated felsjiar, that, instead of haivhming 
when exposed to fire, tliey sometimes melt into a glass. They con- 
tain no lime, but apjiear to consist of extnunely minute grains of 
the various ingredi(*nts of granite, which are distinctly visible in 
the eoarsiT-grained varieties, and in almost all the interposed 
sandstones, 'fhese laminated clays and sliales might certainly, if 
crystallized, r(‘S(*mble in <‘omposition many of the jirirnary strata. 

There is also potash in fossil vegetable remains, and soda in the 
salts by wliieh strata are sometimes so largtdy impregnated, as in 
Patagonia. But rect iit analysis may In? said to liave settled the 
point at issue, by demonstrating that the carboniferous strata in 
England f, the Upper and Lower Silurian in Paist Canada J, and 
the clay-slates (of Cambrian or Lauren tian date ?) in Norway §, 
all contain as much alkali as is generally present in metamorpliic 
rocks. 

Another objection has been derived from the alternation of highly 
crystalline strata with others having a less crystalline texture. The 
heat, it is said, in its ascent from below must have traversed the less 
altered schists before it reached a higher and more crystalline bed. 

* Dr. Boase, Primary Geology, p. J Hunt, Phil, Mag., 4th ser., vol. vii. 
319. p. 237. 

t II. Taylor, Edin. New. Phil. Journ., § Kyersly, Norsk, Mag. for Naiurvi- 
vol. 1., 1851, p. 140. dtiip., vul. Viii. p. 172. 
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In answer to this, it maj be observed, that if a number of strata 
differing greatly in composition from each other be subjected to 
equal quantities of heat, or hydrothermal action, there is every pro- 
bability that some will be much more fusible or soluble than othcrh. 
Some, for example, will contain soda, potash, lime, or some other in- 
gredient cn{>able of acting as a flux or solvent ; while others may 
be destitute of the same elements, and so refractory as to Ik’? very 
slightly affected by the same causes. Sor should it 1 h) forgotten 
that, as a general rule, the less crystalline rtH'Ics do really <»ecur in 
tlie upj>er, and the more erystullino in the lower part of each meta- 
morph ic series. 

Moreover, metamorphism must often b(»giii to exert its force 
long after the strata have assumed a vertical position, and it may 
then act locally or within limited areas, and will lx» as likely to 
affect the newer as the older beds. As an illustration of sucli 
])Hrtial conversion into gneiss of portions of a highly inelined set 
of‘ beds, I may cite Sir K. Murchisoifs memoir on the structure of 
th<* Alps. Slates provinciully n^rrned ^!y^c■h ” (ner above, p. 304. ], 
overlying the nuinniulite lim(‘8toiio of Eocene date, and comf»rising 
some arenaceous and s(»me ealcartH)us layers, are 8e(*n to alternate 
several times with bands of granitoid rock, answering in character 
to gneiss.* In this case heat, vapour, or water at a high tempera- 
ture may have traversed the more ])ermeable beds, and altered linen 
BO far as to admit of an internal movement and re-arrangement of 
the molecules, while the adjoining strata did not giv«^ passage to 
the same heated gases or water, or if so, remained unchanged because*, 
they were composed of less fusible or dceompOHal>le materials. 
Whatever hy|>othesis we adopt, the plumomena <*stablish beyond 
a doubt tlie possibility of the deYeloprn(*nt of th<i rnetamorphic 
structure in n tertiary deposit in planes parallel to those of stratili- 
cation. 

Whether such parallelism be the rule or the exception in gneiss, 
mica-schist, and other formations of the same family, is a qucfition 
which I shall discuss at length in the next ehupter. 


• Geol, Quart. Journ., vol. t. p. 21 1., 1848. 
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CHAPTER XXXVL 

METAMORPnic ROCKS — continued. 

lA'finition of joints, slaty cleavage and foliation —So pposed caosci of these 
structures— Mechanical theory of cleavage — Condensation and elongation of 
slate rocks by lateral pressure — Sup}>osed combination of crystalline and 
mechanical forces - Lamination of some volcanic rocks due to motion — Whether 
the foliation of the crystalline schists be usually parallel with the original planes 
of stratification — Examples in Norway and Scotland — Foliation in homo- 
geneous rocks may coincide with planes of cleavage, and in uticlcavcd rocks 
with those of stratification — Causes of irregularity in the planes of foliation. 

We liave already seen that chemical forces of great intensity have 
frequently acted upon sedimentary and fossiliferous strata long 
huUsequently to their consolidation, and we may next inquire 
whether the component minerals of the altered rocks usually arrange 
ihernselves in planes parallel to the original planes of stratification, 
or whether, after crystallization, they more commonly take up a 
different position. 

In order to estimate fairly the merits of this question, we must 
first define what is meant by the terms cleavage and foliation, 
'i'liere are four distinct forms of structure exhibited in rocks, 
imniely, stratification, joints, slaty cleavage, and foliation ; and all 
tliese must have different names, even though there be cases where 
ir is imjiossible, after carefully studying the appearances, to decide 
n[)on the class to which they belong. 

Professor Sedgwick, whose essay “ On the Structure of large 
Mineral Masses” first cleared the way towards a better under- 
standing of this difficult subject, observes, that joints are distin- 
guishable from lines of slaty cleavage in this, that the rock inter- 
vening between two joints has no tendency to cleave in a direction 
parallel to the planes of the joints, whereas a rock is capable of 
indefinite subdivision in the direction of its slaty cleavage. In 
c‘ases where the strata are curved, the planes of cleavage are still 
perfectly parallel. This has been observed in the slate rocks of 
part of Wales (see fig. 7o8.), which consist of a hard greenish slate. 


Fig. 768. 



Purallel |>lAn«t of cleavage iutertectlng curved Hrau. (Sedgwick.) 


llio true bedding is there indicated by a number of parallel stripes, 
some of a lighter and some of a darker colour than the general mass* 




Ch. XXXVI.] JOINTED STBUCTUEE AND CLEAVAGE. 739 

Such stripofi are found to ))e parallel to tlie true planes of strati- 
ficadoD, wherever these are manifested bjr ripple-mark^ or hj beds 
containing peculiar organic remaina. Some of the contorted strata 
are of a coarse mechanical structure, alternating with hne-grainiHl 
crystalline chloritic slates, in which case the same slaty cleavage 
extends through the coarser and liner beds, though it is brought out 
in greater perfection in proportion as tlie materials of the rock are 
fine and homogeneous. It is only when tliese are very coarse that 
the cleavage planes entirely vanish. These planes are usually in- 
clined at a very considerable angle to the planes of the strata. In 
the Welsh hills, for example, the average angle is as much as from 
30® to 40®. Sometimes the cleavage planes dip towards the same 
point of the compass as those of stratification, but more frequently 
to opposite points. It may be stated as a general rule, that when 
beds of coarser materials alternate with those composed of firic*r 
particles, the slaty cleavage is either entirely confined to the fine- 
grained rock, or is very im|>erfectly exhibited in tliat c^f coarser 
texture- This rule holds, whether the cle avage is parallel to the 
planes of stratification or not,* 

In regard to joints they arc natural fissures which often traverse 
rocks in straight and well-determined liD(*8. They afford to the 
quarryman, as Sir 11, Murchison observes, wlum spe^aking of the phe- 
nomena, as exhibit4[*d in Shropshire and the neighbouring counties, 
the greatest aid in the extraction of blocks of stone ; and, if a sufli- 
cient number cross each other, the whole mass of rock is split into 
symmetrical blocks. The faces of the joints are for the most i)art 
smoother and more regular than the surfaces of true strata. The 
joints are straight-cut chinks, often slightly open, oftem passing, not 
only through layers of successive de{)Osition, but also through balls 
of limestone or other matter which have b(H*n formed by concretion- 
ary action, since the original accumulation of the strata. Such 
joints, therefore, must often Lave resiilt<*d from one of the lastclianges 
superinduced upon sedimentary dcj>oHit8.'|’ 

In the annexed diagram (fig. 759.), the flat surfacc^s of rock 
A, B, c, represent exposed faces of joints, to which the walls of other 
joints, J J, are parallel. 8 s are the lines of stratification ; i) i> are 
lines of slaty cleavage, which intersect the rock at a considerable 
angle to the planes of stratification. 

In the Swiss and Savoy Aljis, as Mr. Bakewell has remarked, 
enormous masses of limestone are cut through so regularly by 
nearly vertical partings, and these joints are often so much more 
conspicuous than the 8<?ams of stratification, that an inexp^irienceil 
observer will almost inevitably confound them, and suppose the 
strata to be perpendicular in places wdicre in fact they are almof^t 
horizontal. J 

Now such joints are supposed to be analogous to the partings 

• Geol. Trau*., Sd series, toL ill p. t Silurian Byrtcm, p. 246. 

46L i Introduction to Geology, chap. iv. 

3 B 2 
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8trati6eatk)n, Joints, and cleavage. 
(From Murehiiou's Silurian H^stetriyp. 34A.) 


which separate volcanic and plutonic rocks into cuboidal and pris- 
matic masses. On a small scale we see clay and starch when dry 
split into similar shapes; this is often caused by simple contrac- 
tion, whether the shrinking be duo to the evaporation of water, 
or to a change of temperature. It is well known that many sand- 
stones and other rocks expand by the application of moderate 
degrees of heat, and then contract again on cooling ; and there can 
bo no doubt that large portions of the earth’s crust have, in the 
course of past ages, been subjected again and again to very different 
degrees of heat and cold. Those alternations of temperature have 
probably contributed largely to the production of joints in rocks. 

In some countries, as in Saxony, where masses of basalt rest on 
sandstone, tlie aqueous rock has for the distance of several feet from 
the point of junction assumed a columnar structure similar to that 
of the traj). In like manner some hearthstones, after exiH>sure to the 
heat of a furnace without being rnelte^d, have become prismatic. 
Certain crystals also acquire by the application of heat a new in- 
ternal arrangement, so as to break in a new direction, their external 
form remaining unaltered. 

Professor Sc‘dgwick, speaking of the planes of slaty cleavage, 
where they are decidedly distinct from those of sedimentary de- 
position, declared in the essay before alluded to, his opinion that no 
retreat of parts, no contraction in the dimensions of rocks in passing 
to a solid state, can account for the phenomenon. He accordingly 
referred it to crystalline or polar forces acting simultaneously, and 
somewhat uniformly, in given directions, on large masses having a 
homogeneous composition. 

Sir John Herschel, in allusion to slaty cleavage, has suggested, 
that if rocks have been so heated as to allow a commencement of 
crystallization, — that is to say, if they have been heated to a point at 
which the particles can begin to move amongst themselves, or at 
least on their own axes, some general law must then determine the 
position in which these particles will rest on cooling. Probably, that 
position will have some relation to the direction in whiclx the heat 
escapes. Now, when all, or a majority of particles of the same 
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nature have a general tendency to one jK)5ition, that must of 
determine a ckAvage*plane. Thus we Bee the inflintcBiraal cryBUla 
of fresh precipitated sulphate of barytes, and some oUier such bodice, 
arrange themselves alike in the fluid in which they float ; so as, 
when stirred, all to glance with one light, and give the ap|>earance 
of silky filaments. Some sorts of soap, in which insoluble mar* 
garates* exist, exhibit the same phenomenon when mixcMl with 
water ; and what occurs in our experiments on a minute scale may 
occur in nature on a great one.” f 

Professor Phillips has reinarktMl that in some slaty rocks the form 
of the outline of fossil shells and trilobites has been much chang(*d 
by distortion, which has taken place in a longitudinal, transverse, or 
oidique direction. This change, he adds, wnmis to bo the result of 
a creeping movement” of the particles of the rock along the planes 
of cleavage, its direction Ixung always uniform over the same tract 
of country, and its amount in space hewing sometimes measurable, and 
Ixnng as much as a quarter or even half an inch. The hard shells 
are not affected, but only those* which are thin.J Mr. 1). Sharpe, 
following up the same line of inquiry, came to the conclusion, that 
the present distorted forms of tlie shells in certain British slate 
rocks may be accounted for by supposing that the rocks in which 
they are imbedded have undergone compression in a directitin |K'r- 
pendicular to the planes of cleavage, and a corros|X)nding expansion 
in the direction of the dip of the cleavage.§ 

Subsequently (1853) Mr. Sorby demonstrated tno great extent 
to which this mechanical theory is applicable to the slate rocks of 
North Wales and Devonshire Ij, districts where the amount of change 
in dimensions can be tested and measured by comfmring the dif- 
ferent effects exerted by lateral pressure on alternating beds of 
finer and coarser mate*rials. Thus, for example, in the accom- 
panying figure (fig. 760.) it will be seen that the sandy bed d f, 
which has ofi'ered greater resistance, has been sharply contorted, 
while the fine-grained strata, a, 5, c, have n^maitied comparatively 
unbent The points d and f in the stratum d f must have been 
originally four times as far apart as they arc now. They have been 
forced so much nearer to each other, partly by bending, and partly 
by becoming elongated in the direction of what may l)0 called lim 
longer axes of their contortions, and lastly, to a certain small amount, 
by condensation The chief result has obviously been due to the 
bending; but, in proof of elongation, it will be observed that the 
thickness of the bed now about four times greater in those parts 
lying in the main direction of the flexures than in a plane peq>eu- 

* Margaric acid 19 an oleaginous aci<h f Report, Brit Attcc., Cork, 1S43, 
formed from different animal and vegc- Sect p. 60. 

table fatty sabetanccs. A raargarate is § Qaart Gc<d. Jount,Tol iff p. 87. 
a compound of this acid with ^a, po- 1847. 

Tash, or some other base, and is so named jj On the Origin of Slaty Cleavi^ t;y 

from its pearly lustre. IL C. Sorby, Edinb. New. PbiL 

t Letter to the anthor, dated Cape of 1853, voL Ir. p. 137. 

Good Hope, Feb. Sa 1836. 
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dicuUr to them ; aod the same bed 
exhibits cleavage-planes in the 
direction of the greatest move* 
ment^ although they are much 
fewer than in the slaty strata 
above and below. 

Above the sandy bed d the 
stratum c is somewhat disturbed, 
while the next bed b is much less 
so, and a not at all ; yet all these 
Wds, c, A, and a, must have un- 
dergone an equal amount of pres- 
sure with the points a and g 
having approximated as much to- 
wards each other as have d and f 
The same phenomena are also re- 
jKjatod in tlio beds below d, and 
might have been shown, had the 
section been ex tended downwards. 
Hence it appears that the finer beds 
have been squeezed into a fourth 
of the space they previously oc- 
cupied, partly by condensation, or 
the closer packing of their ulti- 
mate particles (which has given 
rise to the great specific gravity 
of such slates), and partly by elon- 
Vtrucni M-ctiof) oi gation in the line of the dip of the 

mar Ilfracombe. North Detun. 

Scio ™o Inch to on. foot. cloav»ge, of whiclt tUe general di- 

a . ». e. e. Hn..irr.in.d .ut.t. the .tr.tifl- foction is perpendicular to that of 

the pressure. « These and nume- 

^ITa co?rr.Vr^i" «nd, rons Other cases in North Devon 

•late with lew perfect ckaragf. EnalogOUS,” SayS Mr. Sorhy, 

“ to what would occur if a strip of 
paper were included in a mass of some soft plastic material whicii 
would readily change its dimensions. If the whole were then com- 
})ressed in the direction of the length of the strip of paper, it would 
bt3 bout and puckered up into contortions, whilst the plastic material 
would readily change its dimensions without undergoing such con- 
tortions ; and the difference in distance of the ends of the paper, as 
measured in a direct line or along it, would indicate the change in 
the dimensions of the plastic material.” 

The student will re^ily conceive that, when the shape of a fossil 
or of a crystal of some mineral, or of a spheroidal concretion, has 
been altered by lateral pressure, the new forms which they assume 
respectively will vary according to whether they have yielded in 
one or more directions. They may have been drawn out solely in 
the direction of the dip of the cleavage, or they may have yielded 


rif • 760. 
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IQ A plane perpendicular to that dip, or they may hare undergone 
both these movements. By microscopic examination of minute 
crystals, and by other observations too minute to be detailed here, 
Mr. Sorby comes to the conclusion that the absolute condensation of 
the slate rocks amounts upon an averaj^e to about one half their 
original volume. This must have resulted chiefly from the forcing 
of the particles more closely together, so as to All up the spaces left 
between them, when they only touched each other. The rest of the 
change has lieen due to elongation which has produced slaty cleavage. 

Most of the scales of miiut occurring in certain slates examined by 
Mr. Sorby lie in the plane of cleavage ; whereas in a similar rock 
not exhibiting cleavage they lie with their longer axes in all direc- 
tions. May not their jiosition in the slates have be<*n determined 
by the movement of elongation before alluded to ? To illuHtrato this 
theory some scales of oxide of iron were mixed with soft pi|»e-clay 
in such a manner that they inclined in all directions. The dimeii* 
sions of the mass were then changed artificially to a similar extent 
to what has occurred in slate rocks, and the [n|)t‘-clay was then dried 
and baked. When it was afterwards rublanl to a flat surface perpen- 
dicular to the pressure and in the lino of elongation, or in a plane 
corresponding to that of tho dip of cleavage, the particles we found 
to have become arranged in the same manner as in natural slates, 
and tho mass admitted of easy fracture into thin flat pieces in the 
plane alluded to, whereas it would not yield in that |>erpendicular to 
the cleavage.* 

Dr. Tyndall, when commenting in 1856 on Mr. Sorby 's experi- 
ments, observed tliat pressure alone is suflicient to produce cleavage, 
and that the intervention of plates of mica or scales of oxide of iron, 
or any other substances having flat surfaces, is quite unnecessary. 
In proof of this he showed experimentally that a mass of “pure 
white wax after having been submitted to great pressure, exhibiUMl 
a cleavage more clean than that of any slatc^-rock, splitting into 
lamince of surpassing tenuity .’’f lie remarks that every mass of clay 
or mud is divided and subdivided by surfaces among which the 
cohesion is comparatively small. On Ixdng subjected to pressure, 
such masses yield and spread out in the direction of least resistance, 
small nodules become converted into laminse separated from each 
other by surfaces of weak cohesion, and the result is that the mass 
cleaves at right angles to the line ii» which the pressure is exerted. 
The experiments of Mr. Sorby in reference to the manner in which 
scales of mica and oxide of iron arrange themselves in soft pipe-clay 
under compression have been supposed to lend countenance to tho 
opinion that the lamination of basalt and trachyte, and even of some 
kinds of gneiss, and the grain of certain granites, may ail have been 
determined by a mechanical cause, a movement having taken place 
after the development of crystals in the pasty mass. 


* Sorby, as cited above, p. 741., note, 
f Tyndall, View of the Cleavage of Crystidi and Slate Bocka 
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Mr. Scrope, in his description of the Ponsa Islands, ascribed the 
zoned structure of the Hungarian perlite (a semi- vitreous tracbjte) 
to Its having subsided, in obedience to the impulse of its own 
gravity, down a slightly inclined plane, while possessed of an im- 
perfect fluidity. In the Islands of Ponza and Palmarolo, the direc- 
tion of the zones is more frequently vertical than horizontal, because 
the mass was impelled from below upwards.”* In like manner, 
Mr. Darwin attributes the lamination and fissile structure of volcanic 
rocks of the trachytic series, including some obsidians in Ascension, 
Mexico, and elsewhere, to their having moved when liquid in the 
direction of the lamina;. The zones consist sometimes of layers of 
uir-cells drawn out and lengthened in the supposed direction of the 
moving mass. This division into parallel zones, thus caused by the 
stretching of a pasty mass as it flowed slowly onwards, he com- 
pares to the zoned or ribboned structure of ice, which Professor 
dames Forbes has endeavoured to explain by referring to the fis- 
siiring of a viscous body in motion.^ 

Whatever l>e the cause, the result, observes Darwin, is well 
worthy the attention of geologists ; for, in a volcanic rock of the 
trachytic series in Ascension, layers are seen often of extreme 
tenuity, even as thin ns hairs, and of different colours, alternating 
again and again, some of them composed of crystals of quartz and 
diopside (a kind of augite), others of black augitic specks with 
granules of oxide of iron, and lastly, others of crystalline felspar. 
It is supposed in this case that the crystallizing force a<'ted more 
fretdy in the direction of the planes of cleavage, produced when the 
pasty mass was stretched, whether because confined va|K>ur8 were 
(‘iiabled to spread themselves through the minute fissures, or because 
the ultimate molecules had more freedom of motion along the planes 
of less tension, or for some other reasons not yet understood. 

After studying, in 1835, the crystalline rocks of South America, 
Mr. Darwin proposed the term foliation for the laminae or plates 
into wliich gneiss, mica-schist, and other crystalline rocks are 
divided. Cleavage, he observes, may be applied to those divisional 
planes which render a rock fissile, although it may appear to the 
eye quite or nearly homogeneous. Foliation may be used for those 
alternating layers or plates of different mineralogical nature of 
which gneiss and other metamorphic schists are composed. The 
cleavage planes of the clay-slate in Terra del Fuego and Chili 
preserve a uniform strike for hundreds of miles in regions where 
these planes ore quite distinct from stratification. In the same 
country the planes of foliation of the mica-schist and gneiss are 
parallel to the cleavage of the clay -slate. Hence we are tempted, at 
first sight, to infer that some common cause or process, and that cause 
not connected with sedimentary deposition, has impressed cleavage on 
the one set of rocks and foliation on the other. But such an infer- 
ence can only be legitimately drawn in those rare cases where we 

* GooL Trans., Second ^ries, toI. ii. p. 227. 

t Darwin, Volcanic Ldanda, pp. 69, 70. 
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are able, bj a conUnaous aectioa, to prove that not only the atrike, bat 
the dip of the elaty cleavage on the one hand, and of the foliation on 
tlie other, precisely coincide ; the cleavage at the samotitne not being 
j)arallel to the straiitlcation in the slate rock. In some examples 
cited by Mr. Darwin, in Terra del Fuego, Uie Chonos Islands, 
and La Plata, this uniformity of dip seems to have been traced in a 
manner as satisfactory as the nature of sucii evidence will allow. 
But we must bo on our guard against a source of deception which 
may inisleail us in this chain of reasoning. We are informed that 
in South America, as in other countries, the strike of the cleavage 
in clay-slate conforms to the axis of elevation of the rocks in the 
same districts. Hence it must follow tliat the Jh(ia of gneiss, mica- 
schist, limestone, and other crystalline rocks, even if they strictly 
coincide with the planes of original stratification, will run in the 
same din>ction as the strike of the slaty ch^avage ; for the true 
strata always dip at right angles to the axis of elevation, ai»d are 
parallel to it in their strike. No argument, therefore, can Ini drawn 
in favour of a common origin from uiiifonnity of strike in the slaty 
and foliated rocks ; for we require, in addition, coincidence of dip ; 
and such is the variability of tlie dip Injth of the slates and folia as 
to render this kind of [)roof very dilBeult to obtain. 

That the planes of foliation of the erystalline schists in Norway 
accord very generally with those of original strati ticat ion is a e<ui- 
elusion long since espoused by Keilhau,* Numerous observations 
made by Mr. David Forbes in the same country (the best probably 
in Europe for studying such phenomena on a grand scale) c‘oii(irm 
Keilhau’s ofiinion. In Scotland, also, Mr. I). Forlies has pointed out 
a striking case wdiere the foliation is identical with the lines of stra- 
t ideation in rocks well setm near Crianlorich on the roa<l to Tyndruiti, 
about 8 miles from Inveraraon in Perthshire. There is in that 
locality a blue limestone foliat<;d by the intercalation of small plates 
of white mica, so tliat the rock is often scarcely distinguishable in 
as[)ect from gneiss or mica-schist. The stratidcHtiou is shown by 
the large beds and coloured bands of limestone all dl])piog, like the 
folia, at an angle of 32 degrees N.E.t 

In stratified formations of every ago we stxj layers of silicc^ms 
sand with or without mica, alternating with clay, with fragments 
of shells or corals, or with scams of vegetable matter, and we slicmld 
expect the mutual attraction of like particles to favour the erystal- 
lizatiofi of the quartz, or mica, or felspar, or carl>ouate of lime along 
the planes of original deposition, rather than in planes placed at 
angles of 20 or 40 degrees to those of stratification. 

In Patagonia, a series of thin sedimentary layers of tuff were 
observed by Mr. Darwin to have become porphyritic, first where 
least altered, by a process of aggregation, small patches of clay 
appearing to be shortened into almond-shaped concretions, which in 

♦ Norske Mag. NaturriiUk., voL I t Memoir read before the GeoL Soc. 
p. 71. Loodon, Jan. 31. 1855. 
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those places where they were more changed had become crystals of 
felspar, having their longer axes parallel to each other. In other 
associak'd strata, grains of quaru liad in like manner aggregated 
into nodules of crystalline quartz.* 

May we not, then, presume that in rocks where no cleavage has 
intervened, foliation and the planes of stratification will usually 
coincide, as in ail cases where cleavage happens (as in the writing- 
slates of the Niesen on the Lake of Thun in Switzerland, containing 
fucoids) to agree with the original planes of sedimentary deposition ? 
Mr. Darwin conceives that ‘‘foliation may be the extreme result of 
the process of which ch^avago is the first effect or, at any rate, 
that the crystalline force may have been most energetic in the 
direction of cleavage. As bearing on this view, he says, “ I was 
particularly struck in the eastern parts of Terra del Fuego with the 
fact that the fine laminae of clay-slate, where they cut straiglit 
through the bands of stratification, and therefore indisputably true 
cleavage-planes, differ slightly from one anothcu* in their greyish 
and greenish tints of colour, as also in their compactness, and in 
some laniiiitti having a more jaspery appearance than othcTs. This 
fact shows that the same cause wliich has produced the highly 
fissile structure has altered in a slight degree the niineralogical 
character of the rock in the same planes.*^ ] As one step fartJier 
towards tracing a passage from planes of cleavage to those of folia- 
tion, Profcvssor Sedgwick observes that in North Wales the surfaces 
of slates arc sometimes coated over with chlorite, “ the crystals of 
which have not only defined the cleavage planes but struck through 
the whole mass of the rock.’* J So also, says Mr. Darwin, in some 
places in South America crystals of epidote and of mica coat the 
planes of cleavage. 

There seems to be no difficulty in imagining tliat in rocks of 
homogeneous composition the foliation may take place along planes 
previously caused by the elongation of the materials along the dip 
of the cleavage ; for experienced geologists have been at a loss to 
decide in many countries which of two sets of divisional planes were 
referable to cleavage, and which to stratification ; and, after much 
doubt, have discovered that they had at first mistaken the lines of 
cleavage for those of deposition, because the former were by far the 
most marked of the two. Now if such slaty masses should become 
liiglily crystalline, and be converted into gneiss, hornblende-schist, 
or any other member of the hypogene class, the cleavage planes 
might possibly remain more visible than those of stratification. 
Professor Henslow had noticed, so long ago as the year 1821, that 
the lamination of the chloritic and other crystalline schists in 
Anglesea was approximately in the planes of bedding ; and Pro- 
fessor Ramsay, in 1841, observed the same in regard to the gneiss 
and mica-schist of Ajrrao. The last-cited geologist says, in reference 

• South America, p. 149. t Sedgwick, GeoL Trans., Sec, Ser., 

t Geol. Observ. on South America, vol. iii. p. 471. 
p, 155. 
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to Anglesea, that the inetamarphi»in probably took plaro when tlio 
Lower Silurian volcanos were in nctivitr, and thorrforo long b<*foro 
the cleavage of the Welsh rocks ; for the cleavage of the latter 
alfecU in common the Lower Silurian and the Cambrian strata. In 
the same memoir he adds, when referring to Mr. Darwin’s theory of 
foliation, “that, if the rocks be uncleaved when metamorphisin 
occurs, the foliation planes will l»e apt to coincide with those of 
bedding ; but if intense cleavage has prcKJC^led, then we may expect 
that the planes of foliation will lie in the phines of cleavage.”* 

From what I have rnysidf seen in the (xnirnpians, Ixjtli in Forfar- 
shire and Perthshire, I have always concludtHl that MaeCiilloch was 
correct in the opinion that gneiss and inica-sehist may b© considercHl 
as stratified rocks, and that certain beds of pure quartz, one or tw'o 
feet thick, winch run for miles in the strike of their foliation, as well 
as the interculatinu of masses of limestone, and of chloritie, aeti- 
nolitie, and bornblendic schists, all indicate the planes of original 
strutiticution. At the same time, I fully admit tliat the alternate 
layers of quartz, or of mica and quartz, of felspar, or of mica and 
felspar, or of carlK)nate of lime, are more distinct, in certain meta- 
niorphic rocks, than the ingredients eom|M>si»ig nlternaU* layers in 
most sedimentary de|>osits, so ilnit similar partit les must be suppowMi 
to have exerted a molecular attraction for each other, and to have 
congregated together in layt^rs more distinct in mineral comj>ositioii 
than b(‘foro they were crystallized. 

We have seen how mu<di the original planes of stratification may 
bo interfered with or even obliterated by concretionary action in 
dcfiosits still retaining tluiir fossils, as in the ease of the niagmtsian 
limestone (see p. 37.). Hence we must expect to be frequently 
l)af!led when we attempt to decide whether the foliation dotis or 
docs not accord with that arrangement which gravitation, eomhiried 
with current-action, imparted to a deposit from water. Moreover, 
when we look for strati fieation in crystalline rocks, wo must be on 
our guard not to expect too much regularity. The occurrence of 
wedge-shaped masses, such as Iwjlong U) coarse sand and pebbles, — 
diagonal lamination (s(?e p. 16.), — ripple^marked, — unconformablo 
stratification (p. 16.), — the fantastic folds produced by lateral pres- 
jture, — faults of various width, — intrusive dikes of trap, — organic 
bodies of diversified shapes, — and other causes of unevenness iu the 
planes of deposition, both on the suiall and on the large scale, will 
interfere with parallelism. If complex and enigmatical appearances 
did not present themselves, it would be a serious objection to the 
metamorphic theory. 

Mr. Sorby has shown that the peculiar structure Itolonging to 
ripple-marked sands, or that which is generated when ripples are 
formed during the deposition of the materials, is distinctly recog- 
nizable in many varieties of mica-schists in Scotland.f 

• Gtol Quart. Jonro., 1853 , voL f H. C. Sorby, GeoL Quart Journ., 
ix. p. 172. veL xix. p. 401. 
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have represented carefully the 
lamination of a coarse argilla- 
ceous schist which I examined 
in 1830 in the Pyrenees. In 
part it approaches in cliaracter 
to a green and blue roofing- 
slate, while part is extremely 
quartzose, the whole mass pass- 
ing downwards into micaceous 
schist The vertical section 
here exhil)itcd is about 3 feet 
the layers are 
sometimes so thin that fifty may 
bo counted in the thickness of an inch. Some of them consist of 
pure quartz. 

There is a resemblance in such cases to the diagonal lamination 
which we see in sedimentary rocks, even though the layers of quartz 
njid of mica, or of felspar and other minerals, may be more distinct 
in alternating fidia than they were originally. 

.M. lilie do Heaumont, while he regards the greater part of the 
gneiss and mica-schist of the Alps as sedimentary strata altered 
hy plutonic action, still conceives that some of the Aljnne gneiss 
may have been erupted, or, in other words, may be granite drawn 
out into parallel lamin» in the manner of trachyte, as above 
alluded to.* 

If the mass w'erc squeezed and elongated in a certain direction 
after crystals of mica, talc, or other scaly minerals were develo[)ed, 
these may |H'rhaps have arranged themselves in planes parallel to 
those of movement, and a similar process may account for what the 
quarrymen call “ the grain ” in some granites, or a tendency to split 
in one direction more freely than in another. But, as a general rule, 
the fusion of the crystalline schists does not appear to have gone so 
far as to allow of motion analogous to that of lava or granite, and 
lor this reason rooks of this class do not send veins into sunounding 
rocks. In the next chapter we may inquire at how many distinct 
periods the hypogene or metamorphic schists can be proved to have 
originated, and why for so long a time the earlier geologists regarded 
them as entitled to the name of “primitive.” 


In the accompanying diagram 
rig. 761 . 



* Bulletin Soc. GioL de France, Sc seric, vol. iv. p. 1301. 
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CHAPTER XXXYII. 

ON THE DIFFERENT AGES OP THE METAMORPHIC ROOKS. 

Age of each act of mcUmorphic atrata twofold — Teat of age by foasila and mineral 
character not available — Test by siij)er|M>sitiofi oinhiguoiin ~ Convemioti of dcn.ne 
masses of foasilifcrous strata into mctamorphic n>ckK — LimtsUme and shale of 
Carrara — Mctamortthio struta of older date tlian the Cambrian rtw'ks — Uilicra 
of Lower Silurian origin — Others of the diirasaic and »>cenc jH.’rioib in the 
Alps of Switzerland and Savoy — Why seiireely any of the vi»ible rry»udlinc 
strata arc very modern — Order of Micrea«ion in ineianiorphie nx'ks— Cni- 
fonnity of mineral character — V^hy the metamorphic struta ure less culeureous 
than the fossilferous. 

According to the theory adopted in the last cliapter^ the ago of each 
set of metamorphic strata is t\vof(dd» — they have bc*en de|Mjsili^d at 
one [RTiod, they have Ijocome erystallint? at another. We can rarely 
hope to define with exactness the date of Iwth these periodK, the 
fossils having been destroyed by plutonic action, and the mineral 
characters being the same, w'hatevcT the age. Snixjrposition itwif 
is an ambiguous t<^st, especially wdien wx* dc^siro U> determine the 
jM*riod of crystallization. Sup[K>se, for example, w'o art^ convinced 
that certain metamorphic strata in the Alps, w'hirh are covennl by 
cretaceous beds, are alDxed lias ; this lias may have assumed its 
cry.stallinc texture in the cretaceous or in soim? tertiary p4»riod, tl»e 
Eocene for examplt?. If in the latt(*r, it should 1x3 called Eocrcuio 
wdien regarded as a metamorphic rock, although it lx* liassic wle*n 
considered in reference to tlie era of its defM)sition. According to this 
view, the su|wrfX)sition of clialk does not prevent the subjacent 
metamorphic rock from being Eocen(\ 

When discussing the ages of the plutonic rocks, wx have fttH*n that 
examples occur ot various primary, secondary, and tertiary dcfMMits 
converted into metamorphic strata, near their contact with granite. 
There can be no doubt in these caw3« that strata, once corn|K)S(*d of 
mud, sand, and gravel, or of clay, marl, and shelly limestone, have 
for the distance of several yards, and in some instances several 
hundred feet, been turned into gneiss, mica-schist, hornblende-Hchii^t, 
chlorite-schist, quartz rock, statuary marble, and the rest (S(;o the 
two preceding Chapters.) 

But when the metamorphic action has opc^ratcxl on a grander scale, 
it tends entirely to destroy all monuments of tie* daUi of its develop- 
ment, It may be easy to prove the identity of two different parts of 
the same stratum; one, wdiero the rw.k hah Ixxn in contm'i with a 
volcanic or plutonic mass, and has been changed into marble or 
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hornblende-schist, and another not far distant, where the same bed 
remains unaltered and fossiliferous ; but when we have to compare 
two portions of a mountain chain — the one metamorphic, and the 
other unaltered — aJl the labour and skill of the most practised ob- 
servers are required, and may sometimes be at fault. I shall men- 
tion one or two examples of alteration on a grand scale, in order to 
explain to the student the kind of reasoning by which we are led to 
infer that dense masses of fossiliferous strata have been converted 
into crystalline rocks. 

Northern Apennines — Carrara. — Tlic celebrated marble of Car- 
rara, used in sculpture, was once regarded as a type of primitive 
limestone. It abounds in the mountains of Massa Carrara, or th(j 
“ Apuan Alps,” as they have been called, the highest peaks of whicli 
are nearly 6000 feet high. Its great antiquity was inferred from its 
mineral texture, from the absence of fossils, and its passage down- 
wards into talc-schist and garnetiferous mica-schist; these rocks 
again graduating downwards into gneiss, which is penetrated, at 
Forno, by granite veins. Now the researches of MM. 8avi, Boue, 
Pareto, Guidoni, De la Bcche, Hoffmann, and Pilla have demon- 
strated that tliis marble, once supposed to be formed before the ex- 
istence of organic beings, is, in fact, an altered limestone of the Oolitic 
IKjriod, and the underlying crystalline schists are secondary sand- 
stones and shales, modified by plutonic action. In order to establisli 
these conclusions, it was first pointed out, that the calcareous rocks 
bordering tlie Gulf of Spozia, and abounding in Oolitic fossils, 
assume a texture like that of Carrara marble, in proportion as they 
are more and more invaded by certain trappean and plutonic rocks, 
such as diorite, euphotide, serpentine, and granite, occurring in tlie 
same country. 

It was then observed that, in places wliere the secondary forma- 
tions are unaltered, the uppermost consist’ of common Apennine 
limestone with nodules of flint, below which are shales, and at the 
base of all, argillaceous and siliceous sandstones. In the limestone 
fossils are frequent, but very rare in the underlying shale and sand- 
stone. Then a gradation was traced laterally from these rocks into 
another and corresponding series, which is completely metamorphic ; 
for at the top of this we find a white granular marble, wholly devoid 
of fossils, and almost without stratification, in which there are no 
nodules of flint, but in its place siliceous matter disseminateil 
through the mass in the form of prisms of quartz. Below this, and 
in place of the shales, are talc-schists, jasper, and hornstone ; and at 
the bottom, instead of the siliceous and argillaceous sandstones, are 
quartxite and gneiss.* Had these secondary strata of the Apennines 
\mdergone universally as great an amount of transmutation, it would 
have been impossible to form a conjecture respecting their true age ; 
and then, according to the method of classification adopted by the 

* See notices of Sari. Hoffmann, and and tom. iii. p. 44. ; also Pilla. cited bv 
otbexa. referred to by Bone, Bull dc la Murchison, Quart. Gcol. Joum., yol. 
boc. Q^l. de France, tom. v. p. 317.; p. 266. 
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earlier geologists thej would have ranked as primary rocks* In that 
case the date of their origin would have been thrown back to an era 
antecedent to the deposition of the Lower Silurian or Cambrian 
strata, although in reality they were formed in Uie Oolitic period, 
and altered at some subsequent and perhaps much later epoch. 

Alps of SwUzerlaiuL — In the AJps, analogous conclusions have 
been drawn respecting the alteration of strata on a still more ex- 
tended scale. In the eastern part of that chain, some of the primary 
iiissiliferous strata, as well as the older secondary formations, toge- 
ther with the oolitic and cretaceous rocks, are distinctly recognizable. 
Tertiary deposits also appear in a less elevated position on the tlattks 
of the Easteru Alps ; but in the Central or Swiss Alps, tho primary 
fossiliferous and older secondary formations disapjK^ar, and the Cre- 
taceous, Oolitic, Liassic, and at some points even the Eocene strata, 
graduate insensibly into metarnorphic rocks, consisting of granular 
limestone, talc-schist, talcose-gneiss, micaceous schist, and oihtT 
varieties. In regard to tho age of this vast assemblage of crystalline 
strata, wo can merely afBrm that some of the upper jK)rtion8 arc 
altered new'cr secondary, and some of them even Eocene deposits ; but 
we cannot avoid suspecting that the disappearance both of the older 
secondary and primary fossiliferous nwks may l>o owing to their 
having bi'on all converted in the same region into crystalline schist. 

It is difficult to convey to those who have never visited the Alps 
a just idea of the various proofs which concur to produce this eon* 
viction. In the first place, there are certain regions where Oolitic, 
Cretaceous, and Eocene strata have been turned into granular marbl<!, 
gneiss, and other metarnorphic schists, near their contact with gra- 
nite. This fact shows undeniably that plutonic causes continued to 
bo in operation in the Alps down to a late pf.Tiod, even afu*r tJie 
deposition of some of the nummulitic or middle Eoc(‘ne formations. 
Having established this point, wo are tho more willing to believe 
that many inferior fossiliferous rocks, probably expowd for longer 
periods to a similar action, may have become metarnorphic to a still 
greater extent. 

We also discover in parts of the Swiss Alps densfj masses of 
secondary and even tertiary strata which have assumed iliat semi- 
crystalline texture which Wenicr called transition, and which natu- 
rally led his followers, who attached great importance to mineral 
characters taken alone, to class them as transition formations, or as 
groups older than the lowest secondary rocks. (See p. 93.). Now, 
it is probable that these strata have been affccteil, although in a less 
intense degree, by that same plutonic action which has entirely 
altered and rendered metarnorphic so many of the subjacent form- 
ations ; for in the Alps, this action has by no means been confined 
to the immediate vicinity of granite. Granite, indeed, and oilier 
plutonic rocks, rarely make their appearance at the surface, notwith- 
standing the deep ravines which lay open to view the internal atruc- 
ture of these mountains. That they exist below at no great depth 
we cannot doubt, and we have already seen (p. 704.) that at soma 
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^BU, uB in tile Valemnc, near Mont Blanc» granite and granitic 
veina are obaerrable, piercing through taicoae gneisa, which paaaes 
inaenaibly upwards into secondary strata. 

It is certainly in the Alps of Switzerland and Savoy, more limn in 
any other district in Europe, that the geologist is prepared to meet 
with the signs of an intense development of plutonic action ; for here 
we find the most stupendous monuments of mechanical violence, by 
which strata thousands of feet thick have been bent, folded, and 
over tumid. (Set) p. 58.) It is liere that marine seconilary ibrm- 
Hticius of a comparatively modem date, such as the Oolitic and C're- 
taceous, have lx‘en upheaved to the height of 12,000, and some 
Eoc(?ne strata to elevations of 10,000 feet above the level of the 
si‘a ; and even defKjsits of the Miocene era have been raised 40(X) or 
5(KX) feet, so as to rival in height the loftiest mountains in Great 
Britain. 

If the reader will consult the works of many eminent geologists 
wlio have t‘Xplored the Alps, especially tljose of MM. de Beaumont, 
Studer, Necker, Boue, and Murchison, he w ill learn tliat they all 
shan*, more or less fully, in the opinions above expressed. It has, 
ind(‘e<l, been staUd by MM. Studer and llugi, that there are com- 
plete alternations on a large scale of secondary strata, containing 
fossils, with gneiss and other rocks of a ])errectly inetamorphic struc- 
ture. 1 liave vihited some of the most rmnarkable localities referred 
to by these authors ; but although agreeing with th(*m that th<*re an? 
passages from tlie fossiliferous to the inetamorphic scenes far from tlie 
contact of granite or otlier plutonic ro(*ks, I was unable to convince 
myself ll)at the distinct alternations of highly eryslalline, with un- 
altered strata above alluded to, might not admit of a diflerent expla- 
nation, In one of the sections described by M. Studer in the higln^st 
of the Bernese Alps, namely in the lioththal, a valley bordering the 
line of perjH'tual snow on the northern side of the Jungfrau, there 
occurs a mass of gneiss lOCK) feet thick, and 15,0(X) feet long, which 
1 examined, not only resting upon, but also again covered by strata 
containing oolitic fossils. These anomalous appearances may partly 
be explained by supposing great solid w^edges of intrusive gneiss to 
have been forced in laterally between strata to wdiich I found them 
to be in many sections un conformable. The superposition, also, of 
the gneiss to the oolite may, in some cases, be due to a reversal of 
the original position of the beds in a region where the convulsions 
have been on so stupendous a scale. 

On tlie Sattel also, at the base of the Gestellibom, above Eiizen, 
in the valley of Urbach, near Meyringen, some of the intercalations 
of gneiss between fossiliferous strata may, I conceive, be ascribed 
to mechanical derangement Almost any hypothesis of repeat e<l 
changes of position may bo resorted to in a region of such extra- 
ordinary confusion. The secondary strata having first become ver- 
tical, may then in certain portions have become metaraorphic (the 
plutonic influence ascending from below), while intervening strata 
rttnidued uucliangei. Tlie whole series of beds may then again 
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liave been thrown into a neariy horiaonlal |>ofution« giving Hie le 
the iupexpoiilion of eryslaUiiie upon fowiirerouTi formationH* 

It roniark<"d^ in Chap. XX.XIV., that as the hypogene itK!k% 
both atrati(ie<l and unj^tratltled^ cryi^talliae origtnaHy at a certain 
deptli l>eneatii the surfivc<% they must always, before they art^ up- 
and exposed at tlio surface, be of considerable antiquity, 
relatively ton large portion of the fossiliferous and volcanic rocks. 
They may be forming at all periods ; but liefort' any of them can 
lR»come visible, they must he raised above the level of the» s<*a. and 
some of the rocks which previously eoticealed them must have btnm 
removed by denudation. 

In Canada, as we have seen (p. 578.), the Lower Lauren tlan 
gneiss, quartEite, and limestone, nniy W regarded nn metamorphie, 
iHfcause organic remaiiH (Aoroow Canadrttsr) have lM*<*n detect 4 Mi 
in a part of one of the calcareous mas^e». Nor can we doubt that 
the Upper Launmlian, or Labrador series, eonsistiitg of gneiss, 
w'ith Labrador-felspur and felstones, in all KMKK) feet thick, have 
assumed their crysialline structure by inetarnorphio action, since 
they lie in unconfurmable stratification on the I^iwer Laurentinii. 
The remote date of the j>eriod wdien some of these old Launuilian 
strata of Canada were converted into gneiss, may be inferred IVom 
the fact that pebbles of that rock arii found in the overlying Hu* 
rouian formation, which is of Lower Cambrian iige, il’ not older 
(p. 578.). The olde.st stratified rock of Hcotland is tlie hornblendic 
gneiss of Lewis, in the Hebridi‘s, and that of tln^ north* west coast 
of lb).«8fthire. !<‘pr<\sentcd at the base of the section given at p. (>7* 
fig. 90, It is the same as that intersected by numerous granite 
veins, which forms the clitfs of Ca|)e Wrath, in Sutherlandshire 
(see fig. 74.1. p. 704.), and is conjectured to be of l>aurentiHn age. 
Above it, as bhown in MacCuUoclfs w^etion (fig. 90. p. f>7.), Jio 
unconformnbi<* beds of a reddish or pur{>li>h sandstone and conglo- 
merate, nearly lic^rizontal, and between 20(X) ami iKKX) ftnit thick. 
In these ancient grits no fossils have been found, but they are aup- 
posed to be of Lower Cambrian date, and th<*y certainly do not 
bidoug to the Old Hcd, us was form< rly supjKised, for they have 
been shown by Sir Uoderick Murchisoa to paas in the North High- 
lands or in the three northern counties of t^otiand, undtir quartz 
rocks, which, wdth a subordinate limestone, rest un conformably 
upon them. In this limestone, in 1854, Mr. Charles Peach loiind 
some obscure organic remains, which led Sir R. Murchison to insti- 
tute a searching inquiry, and eventually to establish beyond all doubt 
that the calcareous formation in question was of Lower Silurian age. 
This was one of the most important steps marie of late years in the 
progress of British Geology, for it led to a very unexpected conclu- 
sion, namely, that all the Scotch crystalline strata to the eastward^ 
once called primitive, which overlie the liroestoiie and quartaite in 
question, are referable to some part of the Silurian series, llie 
most abundant and best preserve d shells of the limestooe are those 
obtained from Durness and Assynt. They comprise among others 
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three or four species of Orthoeerai^ also the genera Cyrtoceras and 
Liiuiteiy two sfieeies of MurchUoma^ a I^evrotomaria^ a species 
of Maclurea^ one of Euomphalm, and an OrihU. Several of the 
species are believed \yy Mr. Salter to be identical with Lower Silurian 
fossils of Canada and the United States. The mere occurrence of 
Cephalopoda in such immhers is strongly against the supposition of 
their l>eing Camhrian, and the large siphunclesof some of theOrtho- 
eerata jKjint di^tinctly to a Lower Silurian date, for this division 
of the genus, both in Europe* and North America (see p. 561.), is 
emi?iently eliaracterisfie of the inferior members of the Silurian 
system (see above, p. 561.). To the fossiliferous rock above men- 
tioned, with its accompanying (juartrites, sneewd in conformabl(3 
stratification a denser scries of gneiss, mica-scdiists, and clay -slates, 
this younger gneiss being very different in mineral churiw! ter from the 
fundamental gneiss before mentioned. There can be no question 
that these erystalline formations, which are similar to those of the 
Central and Soufh<‘rn Highlands, comprising the metamorpbie 
rocks of Ab(Tdeenshiro, Perthsliire, ami Forfarshire, for example, 
are altered Silurian strata;^ the inf(‘r(*nees of Sir K. ]Murehison 
on tliis subjei’t having been eonfirm<‘d by the subseqmMit obser- 
vations of three able geologists, Messrs. Ramsay, llarkness, and 
(teiki(‘. The newest of the series is a elay-slute, on which, along 
the southern borders of tiie (iraiiiffians, the Lower Old Red, con- 
taining Cephnidspis Ptcrygoius Anglicus^ and J^arkn deci^ 

pietiSy rests uneonrorinably. 

In Anglosca, as was before remarked, the metamorphism of tlie 
schists, according to the observations of Professor Ramsay, took 
place tltiring the Lower Silurian period, ('oupling these eonelu- 
sions with the fact that a hypogene texture has been superinduced 
in the Alps on Middle Eocene deposits (sec p. 737.), we cannot 
doubt that, hereafter, geologists will succeed in detecting crystalline 
schists of almost every age in the chronological series, although the 
quantity of metamorphic rocks visihh* at the surface must, for 
reasons above (*xphiimd, diminish rapidly in proportion as the 
monuments of newer eras are investigated. 

Order of succession in metamorphic rocks , — There is no universal 
and invariable order of snperjiosition in metamorphic rocks, although 
a particular arrangement may prevail throughout countries of great 
extent, for the same reason that it is traceable in those sedimentary 
fimmatious from which crystalline strata are derived. Thus, for 
example, we have seen that in the Apennines, near Carrara, the de- 
scending series, where it is metamorphic, consists of, 1st, saccharine 
marble; 2ndly, talcose-sehist ; and 3rdly, of quartz-rock and gneiss: 
where unaltered, of Ist, fussiliferous limestone ; 2ndly, shale; and 
3rdly, sandstone. 

But if wo investigate different mountain chains, we find gneies, 

* Quart. Geol. Juarn., voL xv. p. 353., 1859. Siluria, 3rd cd., Appendix, 
p. 553. 
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micA“ 8 chii<t, hornhfende-schist, chloriU'-schi^t^ UTpog«»n<* 
and other rock«, ^wcceeding each other, and alternaling with each 
other in every jw^^ible order. It i«, indeed, more common to mCct 
with 801110 varietur of clay-slate forming the upjM'rino»t memWr of a 
metamorphic series than any other rw'k ; but this fact by no mean# 
implies, as some have imagined, that all ebiy-slatc*# were formed at 
the close of an imaginary period, when the deposition of the crys- 
talline strata gave way to that of ordinary mHlimentarr deposit#. 
Such clay-slates, in fact, arc variable in composition, and sometimes 
liltcniate w'itli lossilifcrous strata, so that they may lie said to belong 
almost c<|iially to the sedimentary and metamorphic order of rocks, 
ll i# probable that had they been subjected to more intense plutoriic 
aetion, ih(‘y would have lH*<*n t^an^forfnl*d into bornbh?nd(*-5chist, 
ioliated chiorite-sebist ; scaly talcoMc-sehist. micn-scliist, or other 
more }>€rfectly crystalline rocks, such as are usually assoinated with 
gneiss. 

U n if or mi f If of mineral character in Jltfpogene lioch ^, — It is most 
true, as Humboldt has happily reinarkt‘d, that when we pass to 
anotlier hemisphere, we see new forms i»f uninnils ami plants, nnd 
new eon>tellations in the lieavcns ; but in th(‘ ro<*ks we still 
recognize our old a<‘(juaiutances, — the same granite, tin* same gneis#, 
tlie same micaceous schist, quartz-rock, ami the rest. There is 
certainly a great and striking general roemblance in the principal 
kinds of liypogene rocks in all countries, however ditferent their 
ages; but each ot them, us we have before se<*n, must U* n^garded 
as geological familicH of rocks, ami not as definite iiiineriil com- 
poiimls. They are more uniform in a^|H*ct than sedimentary strata, 
Ijt'CHUhc these hist are often eornpos<Ml of fragments varying greatly 
in form, >\ze, ami colour, and contain fossils of diflfV*rent shapi*# and 
mineral composition, and acquire a variety of tiuls from the mixture 
o( various kinds of sediment. The materials of such stnita, if 
melted and ina<lc to crystallize, would In? subject to chemical laws, 
siiujde and uniform in their action, the same in every climate, and 
wholly undislurl>ed by mechanical and organic causes. 

It would, however, be a great error to assume, as some have done, 
that the hypogene rocks, considered as aggregates of simple niineralH, 
are really more homogeneous in their composition tlran the several 
niembt^rs of the sedimentary series. In the first place, different as- 
semblages of by}M)gene rocks occur in different countries; and, 
secondly, in any one district, the rocks wdiich [mss under the same 
name are <»fteu extremely variable in their component ingredients, 
or at lea#t in the proportions in which eacli of these are f»resent. 
Thus, for example, gneiss and mica-schist, so abundant in the 
Grampians, are wanting in Cumberland, Wales, and ('ornwall ; in 
parts of the Swiss and Italian Alps, the gneiss and granite are 
talcose, and not micaceous, as in Scotland ; hornblende prevails in 
the granite of Scotland — schorl in that of Cornwall — albite in the 
plutouic rocks of the Andes — common felspar in tho«^e of Europe. 
In one part of Scotland, the mica-schist is full of garnets ; in another 
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it i« wholly devoid of them ; while in South America, according to 
Mr. Darwio, it is the gneiss, aud not the mica-sehist, which is most 
commouly garnet iferous. And not only do the pro|>ortional quanti- 
ties of felspar, quartz, mica, hornblende, and other mineralg, vary in 
hypogeue rocks iNaring (he same name; but, what is still more im- 
portant, the iugredieniK, as we have seen, of the same simple mineral 
are not always c<ni?*tant (see p. 590., and Table, p. 102 ). 

The Metamorphie alrata, why less calcareous than the Fossil if erous, 
— It has been remarked, tliat the quantity of calcareous matter in 
metarnorphie strata, or, indeed, in the hypogene formations gcDerally, 
is far less tJnui in fossllirerous dejio.'^ils. Thus the crys!allin<* schists 
of the Kasleru and Southern GVainpians in Scotland, consisting of 
gneiss, mica-schist, hornblende-schist, and other rocks, many thou- 
sands of yards in thickness, contain an exceedingly small pro|>ortion 
of interslraiilii^d calcareous beds, ultlnmgh these have l)een tlie 
ohjeetis of careful search for t eonoinieal purposes. Yet limestone is 
not wanting even in the Southern Grampians, in Perthshire and 
Forfarshire, for example, and it is a8>oeiat(ul sometimes with gneiss, 
sometimes with miea-sehist, and in other jilaces with other members 
of the nietamorphic series. Where liine.^tone occurs ahumlantly, as 
at Carrara, and in parts of the Alp*», in connection with hypogene 
rocks, it usually forms on<‘ of the superior members of the crystalline 
group. The limestones of the Low'er Laurent iuu in Canada, consist- 
ing of w^veral <listinet bands, one of th<‘m containing Eozonn Cana- 
dense^ and of grt*at thickness (from 700 to lo(X) leet), aiford a rt*- 
inarkable excetitioii to tin* general rule. In this instance, however, 
augite, serpt iitine, ami various other minerals are largely intermixed 
with the carbonate of lime. 

Tlic general scarcity of carbonate of lime in the plutonie and 
nietamorphic rocks seems to be the result of some general cause. 
So long as the Iiypogene rocks were believed to have originated ante- 
eedently to the creation of organic beings, it w'as ea-^y to impute the 
absence of lime to the uon-exi.>teuce of those mollusca and zoo[>hy tes 
by W'hieh shells and corals are secreted ; but when we ascribe the 
crystalline fonualions to plutoiiic action, it is natural to inquire 
whether this action itself may not tend to expel carbonic acid aud 
lime from the materials wdiieh it reduces to fusion or semi-fusion. 
Although we caunot descend into the subterranean regions w’here 
volcanic heat is develojKHl, we can observe in regions of spent vol- 
canos, such as Auvergne and Tuscany, liundreds of springs, both cold 
and thermal, flowing out from granite and other rocks, and having 
their waters plentifully charged with carbonate of lime. The quan- 
tity of ciilcareous matter which these springs transfer, in the course 
of ages, from the lower parts of the earth’s crust to the superior or 
newdy formed parts of the same, must be considerable.* 

If the quantity of siliceous and aluminous ingredients brought up 
by such springs were great, instead of being utterly insignificant, it 
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be contended that the mineral matU^r thus expelled inipliea 
simply the dt^ornpoisitiou of ordinary subterranean rocks ; but the pro* 
di^ious excess of carl>onate of lime over every other substance must, 
in (he course of time, cau^e (he crust of the earth Mow to bt^ almost 
entirely deprived of its calcareous const ituents, while we know that 
the same action imparts to newer deposits, ever furminp; in seas and 
lakes, an exee^8 ( f carlKinate 4»r lime. Caleai*eous inuttiT is poured 
into these lakes and the ocean by a thousand sprinjrs and rivers; so 
that part of almost <‘verv new ealeiireotis rock ehemieally precipitated, 
and of many reef > of shelly and coralline stone, inn.>t he derivtnl from 
mirnTal matter subtracted by plutoiiie agency, and <lriv<m up by gas 
and steam from fused and hented rocks in tl)e bowels td' tlie earth. 

Not only carbonate of lime, hut also fret' earhonie acid gas, is given 
off plentifully from tin* soil and creviees of rocks in regions of active* 
and spent volcanos, as mar Naples and in Auvergne. By this pro- 
eess, fossil shells or corals may often lose their cnrtxmie acid, ami the 
residual lime may enfor into tin* composition of nngiu*, Inmnhlemle, 
garnet, and other hypogene min<'ral*<. 'fhat the renntval of the eal- 
eareous matter of fossil ^lu^lls is of fnspnmt ot'currenee, is provtal 
by the fact of such organic n*mains he'ing often replaceei by sih*\ 
or other minerals, and sonu tiines by tin* >piw’e oiu'e ocenpieal by (he 
fossil b(‘irig hdt empty, or only murkc'd by a faint impression. We 
ought not indeed to marved at the gmieral ahseiK’e of organic re- 
mains from the crystalline strata, when we bear in mind how* often 
fossils are obliterated, wholly <ir in part, <*V(‘n in tertiary fonuationh 
— how often vast mass<»H of samlslone and shah*, of ditierent ages, 
and thousands rd' fia t thick, are devoid of fossils — how certain strata 
may first have been deprived of a portion of tiieir fossils w'hcn tlu'y 
became semi-crystalline, or assumed the tratnition hUIo of Werner 
— and how the remaining portion may have been etTm-ed when they 
were rendcn*d met amorphic. Hocks of the mentioned class, 
moreover, have somel lines been ex]K)-ed again and again to renewed 
phi tonic action. 



758 


MINEBAI. VElirS. 


[Ck. XXXVlll. 


CHAPTER XXXVriL 

UINEBAL VEINS. 

Wcmer’s <!^>ctrinc that mineral vein* were fi8snn?« filled fprjm alwvc — Veins of 
— Ordinary rnctalliferoas veins or lodes — ITicir frequent coincidence 
with faults — Pnxifs that they originated in fissuren in solid rock — Veins shifting 
other veins — Polishing of their walls or “slicken>hides.^ — Shells and indihlcs in 
l{>d»!B — Evidence of the siucessivo enlargement and rcoj*ening of veins ~ 
Eournet’s ohservations in Auvergne iJimcnsions of veins — Why some alter- 
nately swell out and contract — Filling of lodes by sublimation from below — 
(’hemieul and (dectrieal action — llelaiivc age of the precious metals — Copper 
and lead veins in Ireland older than Cornish tin — Ixad vein in lias, Glainorgun- 
.shire — Gold in Uu.ssiu, California, and Australia. — Connection of hot springs 
and niinerul veins — Concluding remarks. 

Thk niamuT in which niotallic substances arc distributed through the 
earth’s crust, and more especially the phenomena of those nearly 
vi‘rlical and tabular masses of ore called mineral veins, from which 
the larger part of the precious metals u-^chI by man are obtained, — 
those are subjects of the highest practical importance to the miner, 
and of no less theoretical interest to the geologist. 

The views entertained n'spocting imjtalliferous veins have been 
mcxlifiod, or, rather, have undergone an almost complete revolution, 
since the middle of the last century, wlien Werner, as director of the 
School of Mines, at Freiburg in Saxony, tirst attempted to generalize 
tlie facts then known. He taught that mineral veins had originally 
lx‘en oi>en tissures which were gradually filled up with crystalline 
and metallic matU'r, and that many of tliein, after being once filled, 
had lxH‘n again enlarged or reopened, lie also pointed out that veins 
thus formed are not all referable to one era, but are of various geo- 
logical dates. 

Such opinions, although slightly hinted at by earlier writers, had 
never before been generally received, and their announcement by one 
of high authority and great experience constituted an era in the 
science. Nevertheless, I have shown, when tracing, in another work, 
tlie history and progress of geology, that Werner was far behind some 
of his predecessors in his theory of the volcanic rocks, and less en- 
lightened than his contemporary, Dr. Hutton, in his speculations as to 
the origin of granite,* According to him, tlie plutonic formations, as 
well as the crystalline schists, were substances precipitated from a 
chaotic fluid in some primeval or nascent condition of the planet ; 


* rriaciplcs of Gcol<*gy. chap. iv. 
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and the metala, thoreforei, being dosely connected with thexOi had 
partaken, according to him, of a like mysterious origin. He also 
iu‘ld that the trap n)cks wore aqueous dejKJsits, and that dikes of j)or* 
phyrv, greenstone, and basalt, were fissun's filliHl with their several 
contents from al>ove. Hence he naturally inferred that mineral veins 
had derived their comj>onent materials from an inoumlKmt ocean, 
rather than from a subterranean source; that these materials had 
l>et‘n first dissolved in the waters above, instead of having risen up 
hy ‘sublimation from lakes and seas of igneous matter Ixdow. 

In proportion as the hypothesis of a primeval fluid, or “chaotic 
menstruum,*’ was abandoned, in refenmce to the platonic formations, 
and when all geologists had come to Ik? of one mind as to tlte true 
relation of the volcanic and irappt^an rocks, reasoimble hopes began 
to be entertained that the phenomena of mineral veins might be 
exjdained by known onuses, or by dumiical, thermal, and ehrtrical 
agency still at work in the interior of the earth. Tlio gnmnds of 
til is conclusion will be better understood wlicn the gi'ological facts 
brought to light by mining ojKTatioJis have Ikvu descrilnd and 
explaiind. 

On difftrent kinds of mineral reins , — ICvery geologist is fami* 
liarly acquainted with those veins of quartz wliich abound in hypogene 
strata, forming lenticular masses of limited extent. They are some* 
times observed, also, in sandstones and shales. Veins of carlK>natt? 
of lime are equally common in fossiliferous rocks, especially in lime* 
stones. Such veins appear to have once been chinks or small cavities, 
caused, like cracks in clay, by the shrinking of the mass, which has 
consolidated from a fluid staU?, or has simply contracted its ditnensions 
in parsing from a higher to a lower tenqH*rature. Siliceous, ealea- 
reous, and occasionally metallic matters bavi^ sometimes found their 
way simultaneously into 8u<‘li empty spaces, hy infiltration fr^un tiu* 
surrounding rocks, or by s<*gregation, as it is often termed. Mixed 
with hot water and steam, metallic ores may have permeaU'd a pasty 
matrix until they rc‘ached those receptacles formed by shrinkage, and 
thus gave rise to that irregular assemblage of Teins, called l)y the 
G(*nnan8 a “ stockwerk,” in allusion to the different floors on which 
the raining operations are in such cases carried on. 

The more ordinary or regular veins are usually worked in vertical 
shafts, and have evidently been Assures produced by meclmnical 
violence. They traverse all kinds of rocks, both liypogene and 
foHsiliferous, and extend downwards I o indefinite or unknown depths. 
We may a.ssume that they correspond with such rents as we see 
caused from time to time by the shock of an earthquake. Metal- 
liferous veins, referable to such agency, are occasionally a few inches 
wide, but more commonly 3 or 4 feet. Tliey hold their course con- 
tinuously in a certain prevailing direction for miles or leagues, 
passing through rocks varying in mineral comjjosition. 

That metalliferous veins were fissures . — As some intelligent miners, 
after an attentive study of metalliferous veins, have been unable to 
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reeooeile maiijr of their chwacterfstics with the hypothesis of fissures 

I shall begin by stating 
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the evidence in its fa- 



[H^roxide of tin, sulpluirot of copper, arsenical pyrites, bismuth, ami 
sulphuret of nickel, and partly of ineclianical origin, comprising clay 
and angular fragments or detritus of the intersected rocks. The 
plates of quart* and tlie ores are, in some places, parallel to the ver- 
tical sides or walls of the vein, being divided from each other by 
alternating layers of clay, or other earthy matter. Occasionally the 
metallic ores are disseminated in detached masses among the vein- 
stones. 

It is clear that, after the gradual introduction of the tin and other 
substances, the second rent {b b) was produced by another fracture 
accompanied by a displacement of the rocks along the plane of b b. 
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This new opening vrms tiien filled with minerals, some of them 
sembling those in a o, as fluor-spar (or fluate of lime) and quartx ; 
others ^fiTerent, the copper being plentiful and the tin wanting or 
very scarce. 

We must next suppose the shock of a third cartliqunke to occur, 
breaking asunder all the rocks along the line e e, fig. 7(55. ; the 
fissure, in this instance, being only 6 inches wide, and simply fiUcMl 
with clay, derived, probably, from the friction of the walb of tin* 
rent, or partly, jKjrhaps, washed in from above. This new move- 
ment has heaved the rock in such a manner as to interrupt tlie «‘on- 
tinuity of the copper vein (6 //), and, at the same time, to shift or 
heave laterally in the satne direction a portion of the tin vein vvhicli 
had not previously been broken. 

Again, in fig, 764. we see evidence of a fotirth fissure ((/ d\ also 
filled with clay, which has cut througli the (in vein (oo), and Ims 
lifted it slightly upwards towards the south. The various chai)gt*s 
here represenUnl are not ideal, but are exhibited in a section ol>tnint d 
in working an old Cornish mine, long since abandoned, in th<^ parish 
of Ri?<lruth, called Iluel Pcfver, and described both by Mr. Williams 
and Mr. Carne.^ Tlie principal mf»vement Iuti* refi rred to, or that 
of c Cy fig. 764n extends tlirough a space of no less than 84 feet ; but 
in this, as in tlie case of the other thn'e, it will be seen tiint the 
outline of the country above, <1, c, hy o, ike., or the ge<>graphical 
features of Cornwall, are not afieeted by any of the dislocations, a 
powerful denuding force having clearly be(*n exerted nnhseijnently 
to all the faults. (See above, p. 69.) It is commonly said in (’orn- 
wall, that there are eight clistinet systems of veins which can in like 
manner be referred to as many successive movements or fractures ; 
and the German miners of the Hartz Mountains sjKjak also of eight 
systems of veins, referable to a.s many p«‘rio<ls. 

Besides the proofs of mechanical action already explairuMi, tlio 
opposite tvalis of veins arf» often beauiifiilly polished, as if glaze<l, 
and an^ not unfrequently striated or scored with parallel furrows and 
ridges, such as would be prcxluced by tlie continued rubbing together 
of surfaces of unequal hardness. These smoothed surfaces rc«<*mblo 
the rocky floor over w hich a glacier has passed (see fig., p. 139). 
They are common even in cases where there has been no shift, and 
occur equally in non -metalliferous fissures. They are called by 
miners “ slicken-sides,^ from the German Mchlirkteny to plane, and sci/e, 
side. It is supposed that the lines of Hie striae indicate the direction 
in which the rocks were moved. During one of this minor earth- 
quakes in Chili, which happened about the year 1844), and was de- 
scribed to me by an eye-witness, the brick walls of a building were 
rent vertically in several places, and made to vibrate for several 
minutes during each shock, after which they remained uninjured, 
and without any opening, although the line of each crack was still 
visible. When ail movement had ceased, there were seen on 


• GeoL Trans. toL it. p. 1»9.; Trans. Eoy. GcoL Society, Comwyi, vd. il p. 90. 
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floor of the house, at the bottom of each rent, small heaps of fine 
brickdust, evidently produced by trituration. 

In some of the veins in the mountain limestone of Derbyshire, con- 
taining lead, the vein-stufl*, which is nearly compact, is occasionally 
traversed by what may be called a vertical crack passing down the 
middle of the vein. The two faces in contact are slicken -sides, well 
polished and fluted, and sometimes covered by a thin coating of lead- 
ore. When one side of the vein-stuff is removed, the other side cracks, 
espc*cially if small holes be made in it, and fragments fly off with 
lou<l explonions, and continue to do so for some days. The miner, 
availing himself of this circumstance, makes with his pick small 
holes about 6 inches apart, and 4 inches deep, and on his return in a 
few hours finds every part ready broken to his hand.* These plieno- 
rnena and their caUfU‘S (probably connected with electrical action) 
seem scarcely to have attracted the notice which they des^^rve. 

That a great many veins communicated originally with the surface 
of the country alwive, or'with the bed of the sea, is proved by the 
oc<nirrence in them of well-rounded pebbles, agre<dng with those in 
superficial alluviums, as in Auvergne and Saxony. In Bohemia, 
such p<*bhles have iMMm met with at the depth of 180 fathoms. In 
(’ornwall, Mr. Curne mentions true pifbbles of quartz and slate in a 
tin lode of th(' Relistrun Mine, at the dej)th of 600 feet below the 
surfHe(‘. I'hcy were ccummted by oxide of tin and bisulphiiret of 
copper, and were traced oviT a space more than 12 feet long and ns 
iminy widc.f Marine fossil shells, aUo, have l>een found at great 
depths, liaving probably been engulphed during submarine earth- 
quakes. Thus, a grypha*a is stated by M. Virlet to have l3een met 
with in a l<*a<I-min<^ near Semur, in France, and a madrejK)re in a 
compact v(‘in of cinnabar in llungary.;{ 

Wlu*n diffenmt sets or systems of veins occur in the same country, 
tliose which are supposed to be of contemporaneous origin, and whicli 
are filled with the same kind of metals, often maintain a general 
parallelism of dirt‘ction. Thus, for example, both the tin and copper 
veins in (Cornwall run nearly cast and west, while the load-veins run 
north and south ; but there is no general law of direction common to 
different mining districts. The parallelism of the veins is another 
reason for regarding them as ordinary fissures, for we observe that 
contemporaneous trap dikes, admitted by all to be masses of melted 
matter which have filled rents, are often paralleL Assuming, then, 
tliat veins are simply fissures in which chemical and mechanical 
deposits have accumulated, w'e may next consider the proofs of their 
having been filled gradually and often during successive enlarge- 
ments. I have already spoken of parallel layers of clay, quartz, and 
ore. Werner himself observed, in a vein near Gersdorff, in Saxony, 
no less than thirteen beds of different minerals, arranged with the 
utmost regularity on each side of the central layer. This layer was 

• ConTb. and Phil 0«oL p.40U and | Fonmet, iltadef fur les D^p6u 
Farcy’s berbysh. p. 243. ^IctaUifcrea. 

t Canic, 'Prana of Otol Soc. Corn- 
wall vol lU. p. 238. 
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formed of two plates of caleurt'otis spiir, wliich had ev idently lined 
the opposite walls of a vertical cavity. The thirteen IhhIs folh»vetl 
each other in corresj:>onding order, consisting of Huor-spnr. heavy 
spar, galena, In these cases the central iiniss has lan n la^t 

formed, and llie two plates which coat the walls of the rent on eael* 
side are the oldest of nil. If they conniHt of crystiiHirie j>reci|>itaie>, 
they may Ihj explained by sup|Mj'ing the H>siire to have ii inahoMl 
unaltered in its diun^nsionH, while a series of eliang<‘s o^ eiirred in 
the nature of tin* solutions which rose up from ht low ; but such 
mode ol‘ de|K)sition, in the case of luany sueeessiv** and parallel 
layers, appears to be exct'ptional. 

If a veinstone eonsist of ery^taliine matter, the ]>oints of the 
erystal> are always turne<l inwards, or t<)vvar<ls tin* eeniie of tin' 
vein; in other words, tliey point in the tijreetion wlieia* there was 
spare for tin* development of the erystal>. Thu?* each m‘W layer 
n'ceives th<‘ iinju'es^ion of tlie erxstals of tin* preceding layer, ami 
imprints its crystal" on tl»e one >vhi<‘h follow^, nmi! at length tlie 
whoh* of th(‘ Viin i- tille<l : the two layers wliirh meet dovetail the 
points of their c^’stuU the one mto tlu* other. Hut in ( 'orn wall, ^o!ne 
lode.s occur when* tin* verti<’al plates, or vtunhs^ a> they tu‘e tlnU'e 
called, exhibit ery-laH so ihiviUaihMl us to prov(* that tin* .hiuik* fi*.snn* 
has heeu <d'ten enlarg(*d. S.r 11. l)e la Ihehe give.*? llie lollovving 
( urious and instructive cxaniph* ( fig. 7b2. ) iVom a (‘opper-niine in 


tig. 
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granite, near Reiiruth.^ Each of the platf*s or coinhs in, //, c, f/, c, 
f ) is doublt*. having the point.s of tlndr crystals tunuMl inward-* 
along th(‘ axis of the comb. The side.s or wails (2, 3. 4, 3, and (>) 
are parted liy a thin covering of ochreous clay, so that each comb 
is readily separable from another by a moderate blow of the hammer. 
The breadth of each rejiresenls the whfde wd<lth of the* fi-siireat six 
successive periods, and the outer wails of the vein, where the first 
narrow n nl w a.* formed, consisted of the grntiitic surfaces I and 7. 

A somewhat analogous interpretation is ajiplicahle to many 
other ca,ses, where clay, sand, or angular detritus, alternate with 
ores and veinstones. Thus, we may imagine the .sides of a llssun? 
to be encru?ted w'iih siliceous matter, as V"on Bueh ob»<frved, in Lnii- 
cerote, the walls of a volcanic crater formed in 1731 to be traver^ed 
by an o[>eii rent in which hot vafK>ur» had deposited hydrate of 
* Geoh Rep. an Cornwall, p. 340. 
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the incrustation nearly extending to the middle.* Such a 
vein may then be fiUe<l with clay or sand, and afterwards re^opened^ 
the new rent dividing the argillaceoua deposit, and allowing a 
quantity of rubbish to fall down. Various metals and spars may 
then be precipitated from aqueous solutions among the interstices of 
this heterogeneous mass. 

That such chang<^8 have repeatedly occurred, is demonstrated by 
occasional cross-veiiiH, implying the oblique fracture of previously 
formed chemical and mechanical deposits. Thus, for example, 
M. Fournet, in his description of some mines in Auvergne worked 
under his superintendence, observes that the granite of that country 
was tirst penetrated by veins of granite, and then dislocitt<‘(i, so lliat 
(jp(m rents crossed both the granite and the granitic veins. Into 
such <»peni!»gfl, quartz, accompanied by sulphurets of iron and ar- 
K‘nical pyrites, was introduced. Aiu»ther convulsion then hurst 
of»en the rocks along the old line of fracture, and the* first se t of 
di posits were* cracked and ofU*n shattered, so tliat the new rent wns 
fillcii, not only with angular fragments of the adjoining rocks, but 
w ith jiieces of the older veinstones. Polished and striated surfaces 
oil the Hid(‘s or in the contents of tlie vein also tlu; reality of 

these* movements. A new period of repose then ensued, during 
which various sulpluirets were iiitrodueed, togctluT with hornstorni 
quartz, by whicli angular IVagiuenls of the*, older quartz before 
inentiom'd w(*n‘ cem('iil<*d into a bn‘ceia. This pe riod was followed 
by other dilatations of the same veins, and other sets of mineral 
deposits, until, at last, jwbbles of the* basaltic lavas of Auvergne, 
iieri\<*<l from superficial alluviums, probably of Mi(»cene or ohler 
Pliocene date*, w(‘re sw<*pt into the* veins. I have* not space* tei 
e-nuinenite* all the ehanges luinute-ly detaile‘d by M. Femrnet, but 
the*y are valuable*, both to the inine‘r anel ge*ol(»gi^t, as showing heiw 
the supposed signs of violent eatiistrophe‘s may be the monuments, 
not of one paroxysmal shook, but eif re*iterate*d movements. 

Such rejHsated enlargem<*nt ami re-opening of veins might have 
lK*e*n iinticij)aU‘d, if we adopt the the*ory of fissures, and reflect how 
few of them have ever been se»ak*d up entire ly, and that a country 
with fissures only partially filled must naturally offer much feeble r 
r(‘sistance along the old lines of fracture than an\ where* else?. It is 
quite otherwise in tlie case of dikes, where each opening lias been 
the reeeptado of one continuous anel homeigeneous mass of melteel 
matter, the (MUisolidafion eif which lias taken place under consi- 
derable pi\»ssure. Trapj>c*an dike*s can rarely fail to strengthen the 
rocks at the points wln re before th<*y were we^akest ; and if the uj)- 
Imaving force is again exerted in the same dir<*ction, the crust of the 
earth will give way anywhere rather than at the precise points 
where the first rents were produced. 

A large proportion of metalliferous veins have their opposite walls 
nearly parallel, and sometimes over a wide extent of country, lliere 


• Princiidcs, ck xxviL 8lh ed. p. 422. 
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is m line example of this in the celebrate^ vein of Andreasburg In 
tlie H»rt«, which has been worked for a depth of 600 yards perpen - 
dicularly, and 200 horiKontany, retaining almost every where a 
width of 3 fiwt But many lodes in Cornwall and elsewhert^ an» 
extremely variable in siae, being 1 or 2 inches in one part^ and then 
H or 10 feet in another, at the distance of a few fathoms, and then 
again narrowing as before. Such alternate swelling and contraction 
is so often characteristic as to requin' explanation. The walk of 
tiftsures in general, olyserves Sir II. De la Beche, are rarely perfect 
planes throughout their entire course, nor could we well exjx'ci 
them to be so, since they commonly pass thnmgh rocks of une<|ual 
hairiness and different mineral comfHwition. If, thenffore, the op- 
posite sid'*8 of such im'gular fissums slide u|>on each other, that is 
to say, if there be a fault, as in the case of so many mineral veins, 
the parallelism of the opfyosite walk is at once entirtdy destroyed, a« 
w'ill be readily sm*n by studying the anncxt^d diagrams. 


rig Tf6 



Let a b, fig. 766,, be a line of fracture traversing a rock, and let 
a 6, fig. 767., represtmt the same line. Now, if we cut in two a piece 
of paper representing this line, and then move the lower portion of 
this cut paper sideways from a to a\ taking care that the two pieces 
of paper still touch each other at the jHyinta I, 2, 3, 4, 6, we obtain 
an irregular aperture at c, and i.s^ilai^ d cavities Aiddti^ and when 
we compare such figures wdth nature we find that, with certain 
modifications, they represent the interior of faults and mineral veins. 
If, instead of sliding the cut paper to the right iiand, we move the 
lower part towards the left, about the same distance that it was 
previously slid to the right, we obtain considerable variation in the 
cavities so produced, two long irregular open 8pa<x*^s, //, fig. 768., 
being then formed. This will sc.*rve to show to what sliglit cir- 
cumstances considerable variations in the character of the optmings 
between unevenly fractured sorfacx^s may be due, such surfmres 
being moved upon each other, so as to have numerous points of 
contact 

Most lodes are perpendicular to the horizon, or nearly so; but 
some of them have a considerable inclination or “ hade,” as it is 
termed, the angles of dip varying from 15® to 45®. The course 
of a vein is frequently very straight ; but if tortuous, it is found 
to be choked up with clay, stones, and fjcbbles, at points where it 
departs most widely from verticality. Hence at places, such as a, 
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6g. 769.« miner complains that the orea are 
“nipped,^ or greatly reduced in quantity, the space 
for their free deposition having been interfered wi^ in 
consequence of the pre-occupancy of the lode by earthy 
materials. When lodes are many fathoms wide, they 
are usually filled for the most part with earthy matter, 
and fragments of rock, through which the ores are 
much disscminat(5cl Tlic metallic substances frequently 
coat or encircle detached pieces of rock, which our 
niincrs call ‘‘ horfM?s ” or “ riders.** That we should find 
some mineral veins which split into branches is also 
natural, for we observe the same in regard to open fissures. 

Chemu al depositi in vtnns, — If we now turn from the mechanical 
to tlui chemical agencies which have btjen instrumental in the pro- 
duction of mineral veins, it may be remarked that those parts of 
fissures which were not choked up with the ruins of fractured rocks 
must always have been filled with water; and almost every v(un has 
prol)ahly been the channel by which hot springs, so common in 
countries of volcanos and earthquakes, have made their way to the 
.‘ urfacc. For we know that the rents in which ores abound extend 
downwards to vast depths, where the U*mperature of the interior of 
tlie earth is more elevated. We also know that mineral veins are 
most metalliferous near the contact of plutonic and stratified for- 
mations, especially where the former send veins into the latter, a 
circMimstancc which indicates an original proximity of veins at their 
inferior extremity to igneous and heated rocks. It is moreover ac- 
knowledged that even those mineral and thermal springs which, in 
the pn'sent state of tlie globi?, are for from volcanos, are neverthe- 
1<\S8 observed to burst out along great lines of upheaval and dislo- 
cation of rocks,* It is also ascertained that all the substances with 
which hot springs are impregnated agree with those discharged in a 
gaseous form from volcanos. Many of these bodies occur as vein- 
stones ; such as silex, carbonate of lime, sulphur, fluor-spar, sulphate 
of baryU^s, magnesia, oxide of iron, and others. I may add that, if 
veins have been filled with gaseous emanations from masses of 
melted matter, slowly cooling in the subterranean regions, the con- 
traction of such masses as they pass from a plastic to a solid state 
would, according to the experiments of Doville on granite (a rock 
which may be taken as a standard), produce a reduction in volume 
amounting to 10 j)er cent. The slow crystallization, therefore, of 
such plutonic rocks supplies us with a force not only capable of 
rending open the incumbent rocks by causing a failure of support, 
but also of giving rise to faults whenever one portion of the earth's 
crust subsides slowly while another contiguous to it happens to rest 
on a different foundation, so as to remain unmoved. 

Although we are led to infer, from the foregoing reasoning, that 
there has often been an intimate connection between metalliferoua 



See Dr. Daubeny’s Volcanos. 
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TciEs and hot iprings holding mineral matter in solution, yet wa 
roust not on that account exj>ect that the contcnu of hot springs and 
uiinoral veins would l>e identical. On the contrary, M. E. de Beau- 
mont has judiciously observed that we ought to find in veins tht^se 
substances which, being least soluble^ are not discharged by hot 
springs, — or that class of simple and cotn|^>ound bodies addeh the 
tiierroal waters ascending from Indow would first precipitate on the 
walls of a fissure, as soon as their Umipi^rature began slightly to 
diminish. The higher they mount towards the surface, the mort* 
will they ccx>l, till they acquire the average tem|HTature of springs, 
Ixdng in that ease chiefly charged with the most soluble snl>stamH*s, 
such as the alkalis, soda and potiish. Tlies<> are not met with in 
veins, altliough they enter so largely into the composition of granitic 
roeks.* 

To a certain extent, therefon% the arrangement and distribution of 
metallic matter in veins may Ik? referred to ordinary chemical action, 
or to those variations in 0‘mp‘rature, which waters liolding the ores 
in solution must undergo, as they rise upwards from great depths in 
the earth. But there are other phenomena which do not admit of 
the same simple explanation. Thus, for example, in Derbyshire, 
veins containing ores of lead, zitic, and cop[H*r, but cluefiy leml, 
traverse alternate b<?d8 of limestone and grcMmstone. The on? is 
plentiful where the walls of the rent consist of limestone, but is 
reduced to a mere string when they are formed of gr<?enstone, or 
“ toa*i -stone,’* as it is called provineially. Not that the original 
fissure is narroAver where the greenstone occurs, but because more 
of the space is there filled with veinstones, and the w^aters at such 
points have not parted so fnK*!y w’itli tlieir metallic contents, 

“ Lodes in Cornwall,” says Mr. KoIktI W. Fox, “ are very much 
influenced in th(‘ir metallic riches by the nature of the rock which 
tlicy traverse, and they often change in this resjHJCl very suddenly, 
ill passing from one nn^k to another. Thus many lo<lc*g which yiidd 
abundance of ore in granite, are unproductive in clay-slate, or killas, 
and vice versa. The same obscjrvation applies to killas and the 
granitic i>orphyry called elvan. Sometimes, in the same continuous 
vein, the granite will contain copper, and the killas tin, or vice 
versa,** j Mr. Fox, after ascertaining the existence at pn^sent of 
electric currents in some of the metalliferous veins in Cornwall, has 
s[)ecuhtted on the probability of tlie same cause having acUid origin- 
ally on the sulpliurets and muriates of coj»p<?r, tin, iron, and zinc, 
dissolved in the hot water of fissures, so as to detennine the peculiar 
mode of their distribution. After instituting expcTimentii on this 
subject, he even endeavoured to account for tlie prevalence of an 
east and west direction in the principal Cornish lodc^s by their posi- 
tion at right angles to the earth’s magnetism; but Mr. Uenwooil 
and other experienced miners have pointed out objections to the 
theory ; and it must be owmed tliat the direction of vt?ina in different 


Bullccio, ir. p. 127S. 


taw. Fox on MiocnJ Vciaf, p. 10. 



768 


EELATITB AOB Ot MEtJOA. [€^ XUTlIf. 

mining districts Ttries so entirely ihnt it seems to depend cm linig of 
fracture, rather than on the laws of voltaic electricity. Neverthe- 
less, as different kinds of rock would be often in different electrical 
conditions, we may readily believe that electricity must often govern 
the arrangement of metallic precipitates in a n?nt. 

“ I have observed,** gays Mr. K. Fox, “ that when the chloride of 
tin in solution is placed in tbe voltaic circuit, part of the tin is de- 
IM>sited in a metallic state at the negative pole, and pari at the positive 
one, in the state of a peroxide, guch as it occurs in our Cornish 
mines. This experiment may sctvc to explain why tin is found con- 
tiguous to, and intermixed with, copper ore, and likewise separated 
from it, in other parts of the same UmIc.** * 

lielutive age of the different metals , — After duly reflecting on the 
fjiets above descrilKHl, we cannot dtmbt that mineral veins, like erup- 
titms of granite or trap, are referable to many distinct periods of the 
earth’s lii»tory, although it may be more difficult to determine the 
pn'cise age of veins ; because Hioy have ofum remained open for 
age$, and because, as wo have seen, the same fissure, after having 
Ix^en once filled, has frettucntly been re-op<*ned or enlarged. But 
liesides this diversity of age, it has been supposed by some geologists 
that certain metals have b<^en produced exclusively in earlier, others 
in more moilern times, — that tin, for example, is of higher antiquity 
than cop{)er, copp(*r than lead or silver, and all of them tnore ancient 
than gold. I shall first jmint out that the facts once relied upon in 
support of some of these views are contradictcsl by later experience, 
and then consider how far any chronological order of arrangement 
can be recognised in tlie position of the precious and other metals in 
the earth’s crust. 

In the first place, it is not tnio that veins in which tin abounds 
are the oldest lodes worked in Great Britain. The government gur- 
vey of Ii*eland has demonstrated, that in Wexford veins of copper 
and lead (the latter as usual being argentiferous) are much older 
than the tin of Cornwall. In each of the two countries a very 
similar serit^s of geological changes has occurred at two distinct 
epochs, — in Wexford, before tlie Devonian strata were deposited ; 
in Coniwall, after the carboniferous epoch. To b('gin with the Irish 
mining district : We have granite in Wexford, traversed by granite 
veins, which veins also intrude themselves into the Silurian strata, 
the same Silurian rocks as well as the veins having been denuded 
before tbe Devonian beds wore superimposed. Next we find, in the 
same county, that elvans, or straight dikes of porphyritic granite, 
have cut through the granite and the veins before mentioned, but 
have not penetrated the Devonian rocks. Subsequently to these 
elvans, veins of copper and lead were produced, being of a date cer- 
tainly posterior to the Silurian, and anterior to the Devonian ; for 
they do not enter the latter, and, what is still more deebive, streaks 
or layers of derivative copper have been found near Wexfinrd in tim 
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DillmiiaiV ftr firom points wh^ mines of copper tie worked in 
the Bilorinn stmts.* 

AlUiough the precise sge of such copper lodes csnnot be defined* 
we msj safelj sMrm that they were eitlier filled at the dote of th«* 
Silnrlan or commencement of the Devonian period. Betides coppt^r, 
lead^ and silver, there it tome gold in thete ancient or priwarv 
metalliferous veins. A few fragments also of tin found in Wicklow 
in the drift are eupposed to have been derived from veins of tlic 
tauie age.t 

Next, if we turn to Cornwall, we find then! also the monument>. 
of a very analogous w^quence of events. First the granite was 
formed ; then, abK>ut the mme |H.*ri<Kk veint of fine-grained granite, 
ofu*n tortuous (set? tig. 744., p. 705.\ penetrating lH>th the outer crust 
of granite and the a<ljoining fossiliferous or primary rcR'ks, including 
the coal-meaaures ; thirdly, elvana, holding their cotirse straight 
through granite, granitic veins, and fossiliferous slates; fourtlily, 
veins of tin also containing copj[ier, the first of those eight systtuns 
of fissures of different ages already alluded to, p. 7fil. IIen», tlien. 
the tin lodes are newer than the el vans. It has indeed Iwn »tttU*d 
hy some Cornish miners that the el vans aro in some few itiatancer« 
jwsterior to the oldest tin-bearing lod<% but the observations of Sir 
IL de la Beche during the survey led him to an opposite conclusion, 
and he has shown how the casi^s referred to in corrobonilion can 
be otherwise interpreted.^ We may, therefore, assert that the most 
ancient Cornish lodes aro younger than the coal-measures of that 
part of England, and it follows that they an? of a much later date; 
than the Irish copper and letul of Wexford and some adjoining 
counties. How much later, it is not so easy to declare, although 
probably they are not newer than the beginning of the Permian 
p<*riod, as no tin lodes have Ix^m discovered in any red sandstorn* 
of the Polkilitic group, which overlies the coal in the soutfi-west of 
England. 

There are lead veins in the Mendip hills which extend througli 
the mountain limestone into the Permian or Dolomitic conglomerah*, 
and others in Glamorganshire which enter the lias. Those worked 
near Frome, in Somersetshire, have been traced into the Inferior 
Oolite. In Bohemia, the rich veins of silver of Joachirnsthal cut 
through basalt containing olivine, which overlies t<»rtiary lignite, in 
which are leaves of dicotyledonous trees. This silver, therefforx?, 
decideilly a tertiary formation. In rtgard to the age of the gold 
the Ural Mountains, in Russia, which, like that of California, is ob- 
tained chiefly from auriferous alluvium, it occurs in veins of quart/, 
in the schistose and granitic rocks of that chain, and is sup[)Osed by 
MM. Murchison, De Verneuil, and Keyserling to be newer than tint 
syenitic granite of the Ural — perhaps of tertiary date. They ob- 

• I am Indebled to Sir H. De !a Bccho f Sir H. De la Beehe, MS. noma on 
for tluailipmahon. See tiso iiuipi» and Irhh Survey. 
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nerve, that no gold has yet been found in tbe Permian eonglomerales 
which lie at the base of the Ural Mountains, although laige quantities 
of iron and copper detritus are mixed with the pebbles of those 
Permian strata. Hence it seems that the Uralian quartz veins, con* 
taining gold and platinum, were not formed, or certainl/ not exposed 
to aqueous denudation, during the Permian era. 

In the auriferous alluvium of Russia, California, and Australia, the 
bones of extinct land-quadrupeds have been met with, those of the 
mammoth being common in the gravel at the foot of the Ural Moun- 
tains, while in Australia they consist of huge marsupials, some of them 
of tlie size of the rhinoceros and allied to the living wombat. They 
belong to the genera Diprotodon and Nototherium of Professor Owen. 
The gold of Northerrt Chili is associated in the mines of Los Homos 
with copper pyrites, in veins traversing the cretaceo-oolitic forma- 
tions, so called bt‘cause its fossils have the character partly of the cre- 
taceous and partly of the oolitic fauna of Europe.* The gold found 
in the United States, in the mountainous parts of Virginia, North 
and South Carolina, and Georgia, occurs in mctamorphic Silurian 
strata, as well os in auriferous gravel derived from the same. 

Gold lias now been detected in almost every kind of rock, in slate, 
quartzite, sandstone, limestone, granite, and serpentine, both in veins 
and in the rocks themselves at short distances from the veins. In 
Australia it has been worked successfully not only in alluvium, but 
in veinstones in the native rock, generally consisting of Silurian shales 
and slates. It has been traced on that continent over more than 
nine degrees of latitude (between the parallels of 30® and 39® S.). 
and over twelve of longitude, and yielded in 1853 an annual supply 
equal, if not superior, to that of California ; nor is there any apparent 
})rospoct of this supply diminishing, still less of the exhaustion of 
the gold-fields. 

It has been remarked by M. de Beaumont, that lead and some 
other metals are found in dikes of basalt and greenstone, as well as 
in mineral veins connected with trap rocks, whereas tin is met with 
in granite and in veins associated with the granitic series. If this 
rule hold true generally, the geological position of tin in localities 
accessible to the miners will belong, for the most part, to rocks older 
than those bearing lead. The tin veins will be of higher relative 
antiquity for the same reason that the “ underlying” igneous for- 
niRiions or granites which are visible to man are older, on the whole, 
than the overlying or trappean formations. 

If difTerent sets of fissures, originating simultaneously at difiTerent 
levels iu the earth’s crust, and communicating, some of them with 
volcanic, others wdtli heated plutonic masses, be filled w ith difiTerent 
metals, it will follow that those formed farthest from the surioce will 
usually require the longest time before they can be exposed super- 
ficially. In order to bring them into view, or within reach of the 


* Darwin’s S. America, p. 209., Ac. 



Cm^ XXXVIUO CONCLUBIKG RS1«ARK& 7? I 

miner, n greater amount of uphearal and denudation must take place 
in proportion as they have lain dm»pcr when first moved. A con- 
aiderabie aeries of gefdogical revolutions must intervene before any 
part of the fissure, which has been for ages in the proximity of the 
plutooic rocks, so as to receive the gases discharged from it when it 
was cooling, can emerge into the atmosphere. But 1 need not enlarge 
on this subject, as the reader remember what was said in the 
30th, 34th, and 37tii chapters, on the chronology of the volcanic and 
liypc^ene formations. 

Concluding Remarki. — The theory of the origin of the hypogene 
rocks, at a variety of successive jieriods, nsexjwunded in two of the 
chapters just cited, and still more the doctrine that such rocks may 
be now in the daily course of formation, has made and still makes its 
way, but ulowly, into favour. The disinclination to embrace it has 
arisen partly from an inherent ol)»r;urity in the very rmMire of the 
evidence of plutouic action when developed on a great scale, at par- 
ticular periods. It has also sprung, in some degree, from extrinsic 
considerations ; many geologists having Inieu unwilling to believe tlie 
doctrine of transformation of fossiliferous into crystalHne rocks, l»e- 
rause they were desirotw of fimliiig prciofs of a bc^gianiug, and of 
tracifig back the history of ourter ra^pieous system to times anterior 
to the creation of organic Unugs. But if these ex{)ectatlons have 
been disappointed, if we have found it impossibk^ to assign a limit to 
that time throughout w'hicli it has pleased an Otniii{K)tenland Eternal 
Being to manifest His creative power, wo have ai least succeeded 
beyond all hope in carrying back our researches to times antecedent 
to the existence of man. We can prove that man liad a bt^ginning, 
and that all the species now contemporary with man, and many otliers 
wliich preceded, had also a lx*ginning. 

It can be shown that the earth's surface has hoon remodelled again 
and again; mountain chains have bi^en raised or sunk ; valleys 
formed, filled up, and then re-excavated ; sea and land have changed 
places ; yet throughout all these revolutions, and the consequent 
alterations of local and general climate, animal and vegetable life 
has been sustained. This has been accomplished without violation 
of the laws now governing the organic cn‘ation, wlK ther the succ<*»- 
sion of living bt ings has been brought about by the transmutation of 
species, or, as some contend, by the abrupt introduction into the 
earth from time to time of new plants and animals, each assemblage 
of new species must have been admirably fitted for the new states of 
the globe as they arose, or they would not have increased and mul- 
tiplied and endured for indefinite periods. 

Astronomy lias been unable to establish the plurality of habitable 
worlds throughout space, however favourite a subjei!t of coiyecture 
and speculation ; but geology, although it cannot prove that other 
planets are peopled with appropriate races of living lieings, has do- 
luoosintted the truth of conclu.^ioiis scarcely less wonderful, — the 
existence on our own planet of so many habitable surfaces, or worlds 
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at thoj hare been ealied, each dialinet in time, and peopled with its 
peculiar racea of aquatic and terrestrial beings. 

The proofs now accumulated of the close analogy between ex- 
tinct and recent species are soch as to leave no doubt on the mind 
that the same harmony of parts and beauty of contrirance which we 
admire in the living creation has equally characterised the organic 
world at remote periods. Thus as we increase our knowledge of the 
inexhaustible variety displayed in living nature, and admire the in- 
finite wisdom and power which it displays, our admiration is multi- 
plied by the reflection, that it is only the last of a great series of 
pre-existing creations, of which we cannot estimate the number or 
limit in times 

• See the Author’s Anniv. Address to the Gcol. Soo , IS37. Proceeding! G. S., 
vol, ii p. 5:i0, 
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> of Palma, Mction throuf h tlie, 634 | 

Calderai of Java, 6!I0 

of the Sandwich Ulet, 616 
California, auriferous gravel of, 766 
Cdijpmmr Bim$i»enbmrMit 868 
Cambrian group, table of, 571 
rocki of Bidietnia, 874 
— gtrata of Norway and Sweden, 876 
— — strata of U.8. a^ Canada, 876 
— volcanic rocks, 661 
Campania, volcanic region of, 653 
CampopkifUmm JkjmMum, Devonian, All 
CatfipopkpUmmjU‘Mmo*mm, 811 ; C. /sfr^lwefiMi, 884 
Canada, Cambrian strata of, 876 

Devonian strata of, 84i 

lakes of, 168 

_ comiferous formatloii of. 889 

Labrador tt« series of, 876 

Canadian drift, 163 

Canary, Grand, shelly Intfli of, 668 

Islandi, volcano* of, 691 

Cantai, lacustrine strata of the, 997 
* Ptomh du, Igneoui rocks of, 684 
Cape Breton, coaUmnaauret of, 488 

Wrath, granite vein* at, 703, 753 

Caradoc and Bala beds, noroenclaturr of, 889 
('arbonate of lime In rocks, how tested, 19 
Carboniferou* flora, 468^76 
formation, divlaloii* of, 463 
limeatone, 81 1 

> limestone of Noatb A«erlca, 519 
period, Plutonic rocks of, 716 

— — reptiles, 809 

volcanic rocks, 6M 
CarcAwrodM Aefrrodow, tooth of, 989 
Ciuiliocarpom Ot$omu, Permian, 461 
CtirdUa ptamicotia (P’orntearttia pimkutM)^ 986 
— — smlCttUi^ 985 

Cardfwm dimeitlr, PorUand-ftont, 8SS 
jtorsiJoewm, 309 


Ci^rdiwm r k m U e mm , Trias, 419 
— — tOntataltfin, KimasaHilfeelaf, Ml 
Carne, Mr. N., on ContUli lodes, TflO 

on pebbles in the lode. 799 

Carpenter, Dr., on Ori^UMn, 107 
Carrara, bypogene tt matton e of, 791 
nuwbla of, 7M 
C«rpopkpUiacMpM§M^ 191 
Cashmere, recent rormatkmt In, tOI 
Casalan, St„ beds, position and fossilt of, 489. 434 
CaasUerldes (Cornwall), tin obtained frons, 113 
Cnstel FolUt, acetloo of lava at, 664 
Castroflorattal, b«mt strata nnar, 88 
Cataionia, volcanic rocks of. 6M 
Catania, tertiary beds of. 191 
Catmipora cscAnroMri, Silurian, 888 
CiUiUm Lam»rck»i^ Chalk, 398 
Cauldrons, Giant, of Sweden, 141 
Omhpkrit prAnwen. cartioaiferotia, 466 
Cave breccias of Australia, 195 
Caverns with human and animat deposits, 191, 193 
Caves at Engiboul and Brixhsm, 124 

at Rirkdale and Brixham, 194 

— — In Sicily, 194 
— of Wellington Valley, 196 
Ceilent and Olot, section of volcanic matter be* 
tween, 669 
Coltt described, 116 
Ctpkaiatpii LpfUi, 899 
C^atiUi nodoitu, Musrhelkalk, 436 
Cmikitm amenvum^ Headon series, 9S9 
— — eUgmu. Hempstead, 938 

melnnoidet. 2% 

pUcatum, Hempstead, 988 

Ctnui tikes, molar of. 184 
Cettraciom Phittippi, recent, 398 
Chalk, dtffiering in N. and S. of Europe, 333 
— — eacarpmenti, 358 
of Normandy, 384 

pebldes In, 321 

white, section of, 315 

white, extent and origin of, 318 

white, fossils of, 96 
— - white, animsl origin of, 316 
— — > needles of, in Norauuuly, 385 

of Fsxoe.314 

rliflfs on Seine, 389 

flinu, 319 

Chalk pinnacle at Sennevllle, 384 
Chalk-pU with potstooes, view of, 820 
Chaluset. lava of; 688 
Ckama sqtsamoiss^ 298 
Chssmmreps HeletUas^ Lower Miocene, 257 
Chambers, Mr. R., on ice in Scotland, IM 
Cbampoleon, Jonctioa of granita with jurasaic 
strata, 716 

Champradelle, vertical strata of marl at, 993 
Ckaruelakic» (recent), C. tstedscagHmia^ 39 
in freshwater strata, 81 

in flinu of Cantai, 399 

hUserotUku. Bembrkige, 990 

Charlesworth, Mr. E., on SuflToUt strata, 198, 199 
on Stereoaoaibus, 406 
Charpenticr, Mm on Alpine glaciers, 149 
Chatham coal* Held, 484 
Ckriroskerinm^ footstepaof, 441, 804 
Chemical and mechanical depoaita, 33 
— — depoaita in veins, 766 
Cbispa, fall of voicanie doit at, 649 
Chia^olHe state, 797 
Chili, gold with copper pyrites in, 770 
— - earthquake in, 761 
Chilleaford beds, fosiila of, 199 
CMmmrm mowstrote, Uaa, 419 
ChhMrite>Mdiist, 9.736, 797 
Chriatiania, wMCimvoipkk ro^ of, 7M 
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Ckrlitiaiila, ^outs Ttin* te gMiti Hi, TIT 
— — frukc ¥«Hm hi MHttriui fwri at lift 7ti 
— trap md itjNKtita of, 701 
Cbrooohifr of 4fpo«ita« diit to, IM 
— — teat of, l» roclu, $7» >• 

Cidmrig conaaoto. Corat-rag, IKT 
Cindof.tMai, PortMrh. m 

M 

Oa^acoro aMUlert^ 199 
Clalbomo, Eoemi# atrala aft, J09 
Clarke County. Itocoao aoetloo Hi, MT 
CUaaiieattoo of Uaacinfa etrata, 946 
of fMlurtan rocka, &fi6, (M»4 
of Tertiary fonaatumt, 177 

of Old Red Sandstoo* Aab, frU 

of rocks and strata. % 10 

— ~ of Ixiwor Crotacroua rocks, 939 
of Cretaceous rocks. III 
remarks on, III 

CUuaen, M., on maminalla of Brasil, 126 
Cktuti/$a btdem, Rhine valley, 20 
CUfuima corraifala, CUwma, 901 
Clay, defined. II 

— state, a, 716,737 

Weald. 944 

ironinme, 49S 

Clays, plastic, 393 

CUystoiM and Claystooe Forphjpiy, 999 
Clearago of metamorpblc rocks, 799 
Clermont, metalliferous gueut near, 791 
Cliff UmestotMS. corah of, 941 
Clilb, lines of inland. 3A9 
Climate, causes of change in, 174 
— — of Coal period, ftOl 

— — effects of floctuatloat on quadrupeds. 190 
(linkstune, MM, M19 
Clinton group, U, S,, fossils of. M7 
Clyde, northern shells in drift of, HU 
C'^wora imrari*, Det onlan, 934 
Ciymeoien-kalk. terra explained, 993 
Coal, air-breaiheri in, fl07 
— — causes of purity of, 489 

couversiutt into aotbraclle, 73) 

converiionof lignite into, MfO 

. 1 — continuity of seams of, fiUO 

slgxag flexures of, near Mous, S3 

formation at Brora, 404 

at BroariisriUe, Reonsylvania, Tieof of, 499 

bow formed, 477 

period, climate of, Ml 
— — rain* prints in, 460 

— seams, union of, 497 

slow accumulation of, 469 

Coal*baarinf strata, thickAeas of, 461 
Coal*fleld of Asbb) >do>ia>Zoucb, 69 

of Virginia, 449 

Coal.fletds of United States, 491 
Coai-measures. 464, 466 

thickitess of, in Wales, 464 

Coal>mloe near Lyons, 460 
Coai*pipes, danger of, 479 
Coatbrook Dale, coaLmeasurM of, 490 
fossil beetles in, 491 
— — CmiIU in, 63 

Coan, Mr., on crater of KUbanoa, 617 
CackUodm cmiortm^ SI7 
Coekfell rocks altered by dikes. 609 
CmUtmmikui grmmtUatmi, marl slate, 400 
Coteoptera of (Enlngen beds, 194 
CoUi/Hta rmg^f OolHe, 409 
Columbia, rioegar river of. 397 
Coioamar basalt la tbo Vtcentln, 613 

structure of voteaste rocks, 610 

COase, ravine In lava of, 663 
Campoaitton of voicask rodu, SIO 


<m 

, I C^aapaet Mspar, SflO 

ConeWtonary atructum, IT 
Ccndensatlon nf riick.nialerMI, 10 
of slate •reck, 947 
Cbne qf « pHse, IHirbeck, 191 
of ’I'artaret, 611 

of Catahmia, 661 

Conve and crauers, 966 

— absence of. Hi Eagtand, 6 
Conformable slratlflcntlof), IS 
Conglomerate, or pudding-stone, 1 1 . 47 

— dolomitle of Bristol, 444 
Conlfti* of Coal period, 479 
Canoecik'ut, New Red SandstOM of, 4M1 

- beds, antiquity of, 494 
CmoefplUtm HrnHm*. 379 
CeaecerppAe nruMa, 973 
Consulldatiun of strata, 99 
Contorted strata in drift, Forfertblrt, IMl 
Comm/ttrim ormstm, 996 
CiMSiM ItW 

Conybeare, Mr., on term PoikllUk:. 430 

oe Rieslosaurus, 431 

oti Bristol congto<t*erate, 449 

— on Oolite and Lim, 436 
Cotimb, the, near Lewii.lnl 
C^roMrs qfjUk, 917 
Coral islands and reefi, 94, 46 
Coral* rag, fo»sih of, 399 
CoraliliM rrsg, white or, 901 
Corals of Ikvtinun strata in United States, Ml 
of mountain llmestotie, 911 
of Mlclly, l‘»3 

— ficotofi' type qf, 51 1 

paUt oton tjfpe qf, 51 1 

Citfbmin pimm^ tlempstead beds, 337 

aiata, 3tH 

Corinth, corrosion of rocks by gases near, 733 
I Combrash, composition of, 399 
I CorneantMHl 

Cornwall, granite veins of, 730 

~*~> granite veins In hombletMk slate In, 705 

I Devonian series of, 531 

; lodes of, 763, 767 

tin obtained by aiicbrats from, III 
I ..^.clay In, 13 

I vertloal section of veins In mine, 760 

Coryphodoo eocaettus, of ifaeppe) , 390 
Cot4*guina, volcano of, 649 
Costa, Prof., cited, 137 
Crag, Sorwlcli, IM 
of Antwerp, 305 

coralline, fossils In, SOI 

I of buffoik, rad and corelline, 199, R)l 

I tables of tnarme lestacea in, 304 

Crag and tail, term described, 153 
Cralf'Dbtt, granite, 710, 781 
Cralfieltb quarry, slanting tree la, 451 
fossil uees, 40 

CreaAs Pathienm, White CTmtk. 915 
. — attaebefl to ffcAbsut, 39 
CrtuMUdia imkuHa, 3a5 
Crater of the Island of IK. Paul, 635 
Craters and cones, 664 

of Ugoa. Madeira, 641 

of the iendwldt Ulandt, 616 

Credtteria in quadef'iaodaUriii. 338 
Creep# in eeal-mliiei described, 9* 

Cretaceous fossils, 883 
...... rocks, clesitlicetlon of; 3tt 

volcanic rocks, 649 

ptutooto rocks, 715 

..... formation of V* 168 
— — 6ora, 995 

derivation of term, 9t0 

CrlaoMU, iaurtea, 5M 
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CritUttMtiM rohUata, Ctwik, f$ 

CroMU, Lowtr MIocmm of. ia 

Crdg«i, ot) Aar«ffM fMiU mmumUa, 127 

Crotntr, Norfolk drift iit. ICO 

Crop o«t, t«rm onploiord, &ft 

Crtminptari$i&m, m ftiofo-flnncd flih« &» 

Cmtt of Mrth drfiofid, t 

Crof uc««nf of Old R«d SaodstoM, m 

Crt/pMmangutrnmm, Homoca. »i 

Cr7ttaUlii« rocki, cbsrag* of, 7<6 

— Hmoitonit, 4^7 

— rocki, fuUatlon of, 744 

or rottamorphic iinitiioiHf, 7*5. 727 

— — orronoouily Urmed prlmltira, » 

iCbliU defined, 7 

Cumbr*cii«, ?**• of. G33 

Cuming. Mr., coli^lon of. Ig9 

Catmlt)|h«m, Mr. J., m raln-mArki, 442 

Cup-«nd-iur enraU, M2 

Curral, the. In Mmlcira, 644 

Currad itrata, 4a, <9 

Cukh, Runn of, 447 

Cuviar, M,, on ternary ierlea, lai 

— on AmiihUhrrium, 397 

— on Rksbiic furmatlun. 293 

— on ro«tlU of Munimartrr, 2t»6 
Cpaikea pUutM, Cafl»<mlfetou«, 467 
Cffaihina hnnkii, Gault, 312 
Cpaihocrfnitn piaitiu, .^13 
Cpathocrinui earpocrtmoiiie$, M3 
Cpiitkopki/ltitm (trspitotwH, 334 
Cpctitl/vulra ( ManttUia) megaiopkpUa, 387 
dtcuOitn comptuM, OrUborpe, 406 
Cyctai obovaiot 78 

CjcloliUI «c«lrd flih, 3291 
Cycloptan Ulauda, beda of clay and tuff at, 631 
Cyet04inma iUnam, f*l«i»toc«ae, 30 
Cyeiuptfi ($ iJtbfiTHtca, 321 
CpUmdnin acmttu, Great Oolite, 402 
Vyprtaa Huropita, Red t rag. 200 
Cyprcii iwaiopt of Mlaiiaaippi, 486 
Cpprit JauicuUUa, 37d 

groarii4d/e, 873 

— - giMiua, Purbeck, 378 

— tptm(titra, Wiald. 346 

pOfMTfola, la>wer Purbeck, 387 

iHiarmUafa, Purbeck, 374 

ffguMi/ir/ia, Purbeck, 378 

ruionuti (C./a3rt.), 8<6 

— - f iiffiaUt, Coal, 4t*0 

— ifnditf'pimcfnfa. 378 

Parikccaraiaij, l^wer Purbeck, 387 

CppTHlei III Weald, 346 
epprttuna A34 

Cyprldinen-jchtefer, term eaptalned, 333 
l^remaJtummaUi, 28 
cawmkriiM. 28 
cMwctfonrrM, 293 

— umniriuta, Hempetead bedi, 237 

CyittdHi in Silurian rock», a60 
CptkfTf if) Coal, 490 

CyUmtUa, Chalk, 16 

Cptherma„ Chalk, 36 


TiACHSTKllSf beda. eompotlUon of, 433 
^ DeaTMpfMa, co»l*piaol, 476 
Daaa, Mr., on Sandwich Ulanda rolcanoa, 616, 
637 

— on Kamachatka aotindlnfa, 319 
on ilope ol lavaa, 678 

— on toantharla and bryotoa, 212 

— on mlnerata of metamorphk rook, 733 

— ow ooraUreef of Sandwich lalanda, 317 
Jhp€*ivt wtrnmer, liaa, 418 

ekuMoiMwiA^ 


BU 

DarWahlff, Mr. R. D.,on Moel TryfeMi aiuRa, 138 
Dartmoor, hitruaive granHe oC 7J0 

carboniferoua graolie of, 718 

Darwin, Mr., on plutonic roeka of Andea, 713 

on eorala of P<jclic, 316 

— — oil mawmalU of South America, 129 

on Welah glaeial drift, m 

—— on grareUbada of South America, 813 
on alnking of coral*recia, 46 
- otj gradual rtae of pert ol South America, 46 

on pre.flaclal rolfratkm of planet, 270 

on traoaportation of pabblca, 321 

on dikea of 8t. Heletia, 637 

on marine aaurlan, 422 
on BouUi American oatrlch, 433 
on (ollatkw end ctearege, 744, 746 
Date of rocki aaccrtaiiied by organic rematna, 1*9 
D.itet of diacovery of foaall vertebrata, 384 
Daubeny, Dr., on baaall, 593 

on decempoaltioo of trachytk roeka, 733 

on age of Auvergne vuleauua, 684 

Daubrke, on alkaline watera of PlonibiArte, 731 

Davidson, Mr., on ftuslU of Lua, 413 

Uawea, Mr. J» S., on calamiles, 470 

Dawkini, Mr. W. Boyd, on Triaa quadrupeds, 386 

— ou Triatilc maminifer, 440 

Dawson, Dr., ou Kof < km) CaoadeoK, 379 

on Papa vrtusta, 308 

on pokition of calamite, 469 

on Uevunian Bora, 343 

Dax, Inland cliff at, 72 
Dean, loreat ol, coal In, 30! 

DeAiie, Ur., on footprinta In Triaa, 482 
Debey, Dr., on flora of Ala’la>Cbap«lle, 330 
Decheu, M. von, on Corniah granite vetna, 704 
1 ....^ on reptllea in Haarbiuck coai-fleld, 3u3 
I — — on remalhi in bro«n>coal, 672 
i Deleaae, M. on miiierala of b>pofeiie Ummtoua, 
733 

on autite and baaalt, 303 

on globular atruciure of volcanic rock, €12 
on Irlifiathic rock of Madeira, 646 
Deltaa of Switaerlaud, 120 
Deluge, 4 

Dendrerpeton found in Coal, 307 
Ueiinia, Rev. J. P.. on Stereognathua, 406 
Denudation captained, 66 

terraces of, In Sicily, 73 

of the Weald vallt} , 33ik-3GB, 370 

of chalk, 362 

of Palma flurUUlr or marine ? 632 

Depoaitloo, proofs of gradual, 229 
Derbyshire, veins In mouiiuiu Uroeatone, 762 
Deahayea, M., on recent and loaail atieila, 187 
— > on piiolitic limeatone, 311 

on abelli of Kina, 189 

— on Hungarian ahella, 676 

* on Soiasonnala ahella, 303 

Deamareat, on trappean roeka, 88 
Deanojrera, M^ on Roerne foaall (botprlnta, 298 

on faluoa of the Loire, 182 

Deaor, M., on ahella of the Saiiara, 178 

on Celtic coioi, 1 1 1 

Devonian period, vegetation of. 342 

Braebiopoda, 338 

fowlUo(th«£ifkl,672 

fbisila of, 333.^ 

^ ..^aerieaof North D von, 832 

of Ruaaia, 337 

of United Statea, 339 

aeriei, table of, 332 

ayatem, term explained, 331 

Devunahlre, cleavage of alate rorita tn, 741 

l>iabtev«4a, abelU fraot the, 301 

Diagtuul, or croia-atratlfiraCKMi, 16 

]}lagram of idiitoiitoHid aedimaaitary fbnnationa, 711 
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roek. if» j 

J>MI«^r4 MitvkaM, 400 
I>miemme>t 0 in (rijmti, 30 

X>iatrm mrkUm*. C4r«l-r»f, Wf ! 

lonMti. Mt I 

Lla»rM<nui. wwnw impUlmNl, W \ 

Dkoiiltdcntant knvni tn rhiiii. 03( 

Awm, Ot4it«. 406 I 

Ut4ffmpgrmp*m femmui, Hilurinn, 60 
- Umrtkitamii^ Ll«fM4slo, 661 
Otvst 333 
D»i(«loerf>h«UH» tkail, 113 
Diktiote^Uu 377 

trap and rolcanlc, MU 
— in Siuljr, 

of coarw iomI floo-gralood f ranho, 731 

of Monto itocnma, 634 
doOood. 6 

rook* aliorrd bf , 606 
volcanic, of St. Helena, 610 

of Ve«u«iui, 646 

Diluvium, orifin of term. 137 
DtoorotA, tkeleton of, i•^3 
Dtnaikertnm gtnatUfum^ 31 1 
Diorite. &94, m 
Dip, term explatncd, 33 

Silurian. f4l 
~ prtff/4, SllurUi), 661 
DUt bed of Loner Putbock, 3*^7 
Diatributlon o< luiiil quadrupedi, 137 
Dolerite. 603. 699 
Dolomite deSurd, 13 

of cone of Monte Somma, 644 
Domite, 600 

Donna. South, chalk eoearpmnit of. 34A, 3^9 
Downton Sandiloue, (oiiiU of, A4H 
Drew, Mr., on Haaiinfv aand, 346 
Drift of ScandlnacU, North tieriUMif, and Riuaia, 
149 

.i~~. ihetU 10 Canada, 104 
— cfiuloned, 146 

in Irei^nd. 160 

«... northern, of Scotland, 161 

Nonh Wale*, 163 

Norfolk, 160 

tranaported by iceberga, 144 

meteorite* in, 176 

Dromatberiuiii *)ivettre of K. Carolina, 464 
JJrtfMdra Sckraniti, Lower Pliocene, 3 >9 
DrptmArotdti liaketif/oUa^ near Lamanoe, 369 
Dudley llnicAtoitr, 663 
— — humliif eoaLminea at, 730 
Dulr4iM>y, M., on Itueltetveeu Miocene and Rocene, 
716 

on granite of f}Teoeei, 730 

Dumont, Prof., on Belgian Lower Eocene, 311 
Duncan, Dr., ou We*t Indian coral*, 371 
Dundry Hill, near Brivtoi. ttclioo of, tH, 99 
Uunker. Dr„ on Weald of Germanjr, 349 
Dora Dm. yellow fandatant. ^>31 
Durham, introuon of trap between bed* noar, 6Ci9 


PARTHQUAKK In Okd, 066 
^ EchtuoderiD* In coralline mg« >06 
EdkmotfiknitiskaltteHM, Silurian, 669 
AcAmmi*, with rrwwM ailaibed, 33 
Kdegbem bed*. fb*ai)» of, 331 
Edward*, Hr^ on UrockcithttrU tbella, 3M 
Bgotnn, Mr,, on foMil* of Boutboro India, 317 
KforUm, Sir P., on fiah of Peuattb bed*, 440 

no Old Red fish, 6» 

on i*b of Pmmiian, 469 

on Sab of Hcadon Mria*. 393 

,... 1 ... on Icbthyuaatinu, 431 
•<— on lacbyptarut, 434 


EOt 

OM Red SifuMMie, 1% 

Khrontmrf . Ff«U «* bat-lmtHWO, IS 

on Inftworta, 3S 

— . on term Bfjrhfouia. 101 

on Sllartaii fecamwifcT*, MS 

Rlfel, age of traebytle rotkt li», «M» 

baMttic pillan of Ibe Ki*egrotte in the, Oil 

lakeHrraler* of. 673 

Ixiwef Mkwme, ••leniOc foeb* of. «T0 

I.iOwtr, tram of, 976 

K}ephant*lM, Brighton, 371 
I EiiyiAe* ««rridMMria/fi, molar of, III 

I me/igwe*, molar of, I3S 

I — — prOwtgcwrw*. moUr of, 111 
I Klevaikm cr»te»», 637 

Klvant of (rvUnd and ('ornwall, 799 

term eaplamed, 7l7 

j • in granite. 71»4 
, £iftron ef fiufirtUn, tf® 

‘ HmutrtituH* cferAru/e, Great OolUe, 491 

iWM, or HHkfm Mfigwe. (Knlnjcen. |6| 
Kmmon*. Prof., on )»*• «r I rU**»c tjiiadruped, 347 
I — on Dromatherlum, 434 
Kmetimitf mtk i^rpmta aitarkeA, 490 
. Enrrlnltm of BratUord, 3W 
JUmcnniu littifbrmu 437 

' Kndtigen*, term eaplatned, 131 
! Kngihou) cave, 134 
EuKland. Ixmer Miocene *trala of, 337 
Newer Pli* cene vlrata of, 194 
— Upper Eocene lormati'mi of, 379 
Eocene formation*, map of, 873 

i y,;remiai/crrt, 301 

, formation* of England, 379 

»trata of France, table oL 796 

granite and plutonlc ruck*, 713 
, , - and Miocene, line betwrrn, 316, ?44 

' — — etrata, France, fnotprinti »n, 309 

volt atilc rock* of Monte liolca, 6H7 

— ~ tlrata in the United State*, 106 

term explained, IB7 

Koxauru* found in Coal, 607 
! Koiuon Canadaii«e, In i^mrentUo rock*. 7*^9 

' oldett known ii>«»il, 679 

, F.ppelthdm, DinotUerlum of, 341 
; K<)ul*«tactii of the Coal, 469 
i tquufOUt cij/iniijiari*, 463 
1 A.gata cabaUmi, moUr of. 134 
' Krinan, M., <m findtug of melnoric iron. 176 
Erratic block*, action* of, 140 
ntNW ChicliMler, 371 
Erratic* of Conada, 163 
...^ of Green land, 143 
I of Victoria Land, 149 

Alpine, 143 

Eroeioo, aqueou*. In Palma, 630 
Eicaipnient* of the Weald, 34* 

K$ckar 0 dtstieka. Chalk, 336 
l.tckurimn oceei*/. Chalk, 337 
K*cber vo« drr Llnlb, im Mibwerg ence of Sahara, IT* 
^ KiAtrta rntmutm, MuAcbelkalk, 4*7 

j Becktri, 41i 
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Kentish chalk, sandgaHs In, fil 
.....rag. 339 

Keuper, or Upper Trias, 430 
— . plant* of. 432 * 

marine fauna of, 482 

Keyserting, Count, on Russian glacial drift, 149 
KfrselHtrridle of the Blfoi, 671 
Kliaues, volcanic crater of, 617 
Ktikenny yellow sandstone, fosi.ll plants of, 521 
K«lUs In granite In Cornwall. 7'if) 

Kimtiteridge clay, comprMltton and fossils of, 392 
King, Mr., on fauna of Norfolk drift, 161 

on Permian fo#ilU, 4.56 

on footprints of reptile, A6t 
I Kirkdale cave, hyama'i d«rt of, 124 
I Kitcherfmiddrns, Danish, 109 
of Denmark, 109 

Kieyn ftpawen, I..ower Miocene of. 236 
Kfiiien, Uaron von, on Brorkenhurst shells, 264 
Kdtiinrk, M. de, on Kieyn Spawen tarda, 241 
on mountain limestone fish, 517 
— on shells of Mayence btt'in. 241 
Komntim Lranhttrdi, Hallstadt, 464 
Kysuo, In hulfolk. strata uf, Bt2 

T A ACII, lake-crater of, 674 
^ Ijabrador, IceLwgs of, 147 

serlo*, ft76 

l.<atiradoriUi, ft96 

or labrador felspar, ftfiO 

Lobfrinikodon^ tooth of, 446 

Jofgtri, section of tooth, 443 
Lshyrlnthndonts of Coal, 50# 

Lacustrine ftrata of Auvergne, 290. 226 
LailtM, view of crater of, 643 
Lagoona at mouth of rivers, 31 
— » of Bermuda Islands, 316 
Lake-crater of l^aach, 674 
cratm of the Elfet, #71 
Lske-dwetllflfs r>r Hwiuerlaod, 110 
Lake-terraces, Post-plMwetm, in fiwUserlaftd, IfO 
Lakes, daposlt* in, 3 
how formed, 171 

— Pust-phocent of AmiiurhnA, 171 

how far connected with glaHa) action, 167— '179 
Lamarck, on bivalve moUtisca, 29 
Laminatfon of day-state, Pyraoww, 741 
Lmafea ahymas, tooth oi, ^ 

Lasharts slaMs,ft74 
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r«nt fan i^rvletAlc er»Ur« 70S 
lABd, riling imA litiiiiitf, 4A 
Lnndctto flng*, eompiMiUfflfi mmI roiiiti nf, MO 
— — Ivowrt, or Arnnlf fomuuion, M* 

Lnndoninn nr Lover Eoetoebedi, Oil 
lATMliee, aetioo of, 102 
Lnnd'i EfHi, coInmiMr granite of, OM 
— - porpiifrittc gmiitte of, 6W 
I^{»di(laitian of roiiili, 43 
L« KocHr, eitiinrj of, N 
I,4itet, M , on French Eocene mammalia, SU 
— — on Gaitomii FarliSenil*, 803 
on qundrnmnna of G*‘r«, 231 

on reindeer period, 125 

— — on C dealr-de la Beauce, 217 
Lai NieviMi, Santa Cm*, ravine of, 684 

Palma*, railed beach north of, 669 

•~~~ Canada*, 68M 

Lathwa tt&iaca, Sviuerlatid, 261 

Literiteof Giant** Cauiewaf and Madeira, M8, 699 

Lnurrnt, M., on ruhmeriience of Sahara, 175 

Laurentlan rocki. upper and lower, 679 

— — volcanic rocki, G93 

(rroui', table of, 671 

Laurel* of Miocene flora, 262 
Lava, 696 

— of l,a Coupe d'Ajrtac, 611 

— itreami, effect* ol^, 6 
rniatioii to trap, 61 H 

itream of Jorullo, 710 
•1— of Stromboli, 711 

forming Imli on a declivitj, 630 

of Chaluiet, 653 
Liva-fiirrent* of Auvergne, 650 
Luva* of Catalonia, 661 
of Madeira, 640. 646 

I,avlni, Signor Spada, on Pliocene itrata, hchia, 1H9 
I,ea, Mr., reptile footprint* found by, 606 
l^ead vein* in Fermiau rocki, 770 
LeaLlKKl of 5ladeira, 642 

Mlorene, of lileof Mull, 239 
LM't imncfita, Scotch drill, 154 
— - obtongn, Clyde drift, 168 
— Dtihajfttiann (Syn. Sucula De$kayfsiana), 235 

amygdaloidrt^ Highgate, 291 

liCe, Mr. J. E.. on Pteraipii of L. Ludlow, 552 
Lehman, on claitiOcalion of rocki, 67 
Leibnitz, theory of, 90 
li«idy, Dr , on Pliocene raammaUa, 270 

on Tiunotherium, 276 

on Triaaaic reptile*, 463 

— on bone In chalk, U. S., 336 
Lfpidodmdnm StfnUMrgu, Coal, 468 
Item of, 621 

l^idostrabM omahts, 468 
Lept4<4ut gtgat, Liaa, 418 

MantrUi, 347 

Lepiettin Mwtrei, Upper Llat, 416 
depretta, SUurlau, 654 
Leptlgnite, or white atune, TOO 
Irfiguereux, on Vancouver’* Ulaod ftMiila, 269 
l^iwli. Coomb, near, 361 
Liif , volcanic rock* o^ 685 
ro»*lli of, 416 
««— > Plutonic rock* of, 715 
reptile* of, 420 
— — formation detcHbed, 413 
— ash of, 4t8 
origin of, 426 
— In United State*, 43S 

fOksil plant* of, 4M 

lioblg, Prof., on liatactite, 123 

cm convertlon of lignite Into coal, 600 

Li^e, limestone cavern* at, 128 
Llghlbody, Mr., on Aymeitry Hmettone, Ml 
Lignite, conversion of, into coal, 500 


LTM 

! Ugnite of Madeira, S4f ; 
i Lhm gig*m$rmm, 415 

i fpfwMO, CbaBiy 316 

; Heperf, White Chalk, 325 

I Umtfite d* Auvergne, 220 
' Limburg bed*, table of, 239 
’ - ffl««ilf, 236 

I Lime, scarcity of, In metamorpbic rocks, 7M 
j in solution, sourer of, 43 

' Limestone brecclaied. 467 

; cavern* deierlbed, tif 

i compact, 459 

crystal line, 467 

! fo«*tliferous, 458 

{ •>— > hippuriie, 833 

' induttai, Auvergne. 224 

i mountain or carbonderou*, 6|1 

' magnesian, 466 

. primary or metaroorphlc, 726 

; of Jura, 3% 

j — Devonian, of Germany, 533 

! ttrlated, 139 

LimMlui rotundatm, 490 

Lindlev, Dr., on botanical nomencUtiire. 331 

Lingula Dumortieri, Antwerp crag, 206 

: Daviiii, Lingula ilagi, 573 

— — hfwitii, Silurian, 650 

I Crednfrti,Am 

; beds, volcanic tufti of, 693 

j flags, fossils of, 672 

{ Lmk, M., on footprint* of Trias, 442 
Lirdon group, equivaleni* of, 637 
Lipari lilei, itufai in, 732 
i IJquidambfr rurvptrtim, CEningen, M8 
! Liriodtndron Prw:ocfinir, 266 
Lithodomi in beaches of North America, 78 
in inland cliff*. 73 

j Litkostmtion bamiHforme (ifrirUism), L, Jlon- 
forme, 512 
Lit* coqiiiUiers, 302 
LitMitiM gigantna, Silurian, .652 
Llandovery, Upper, formation, 656 

Lower rock*, thickne** of, 557 

Mount, craters of. 617 
Loam defined, 13. 117 
Lode*. See Mineral vein* 

filled with earthy matter, 766 

Loeai, or fluviaiile loam, described, 117 
roisll shell* of, 119 

Logan, Sir W., on Stlgmarla In underclays, 465 
— on Eozooo Canadense, 579 
on Potidam aandsto.ie, 577 

on thickne** of coal-bedi, 482 

Loire, falun* of the. 182 

London clay, relative position to Bed crag, 199 

clay proper, 289 

Longevity, relative, of mammalia and testacea^ 
132 

Longmynd group, 673 

Lonsdale, Mr., on fossil* In W’bite Chalk, 26 

on corals, 276 

on Stonesfleld tiate, 402 

on cornis of Sicily, 193 

Lomdaleiafioriformit, 512 

I.owe, Rev. R. T., nn shells of Mogadore, p68 

Lower Oolite, 3M-410 

Miocene of Belgium, 236 

Lucerne, thickness uf shingle beds near, 257 

LuCTua serro/a, 288 

Ludlow formation, fossils of, 549—553 

Lower, 550, 653 

Lulworth Cove, diri>bed of, M9 
Lund, H., on mammalia of Brazils, l28 
Lycett, Mr,, on Great GoUte shells, 401 
! Lpeopodmm demmn, ^ 

: Lyme Regis, Has at, 424 ^ 
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MaelAmt, Hf^ <m RoitUiMl OWI R«4 votcaoic 
rock*, 69* 

Maclure, Dr., on Oiot tokMutic rack*, 610 
Mitdmrem f^mu. K'.luriwi, S6t* 

H'CtlQidck, iiir U^pold, vn <i4aitgrrma, Sli 
— ~ on depth of North AilraUe, *Ii 
Mmcrofmt stiai, 1*6 

inrirar of, 1*7 

M4^ar, 1*6 

M'CuUorb, Dr., on foHaitiOfl in Scotland, 747 

on abtencc of ptbldaa in frmniie, 7*1 

— - on iMJtaUlc column* In Skjrc, 6|0 
•— on denudation, 67 

on fofmati<in of hornbltndt *chi*t, 7M 

on Olcn Tilt pranUa, 701 

on f»)(> of Skye, 36 

— . on overiyinf ruck*, 7 

on rcUtion* of trap, lava, an I aeorUr, 616 

— — on rock* altered by trap, 60“ 

— on two granItM of Arran, 7*0 
— — on trap-veto*, 604 

M'Cultoch, Mr, J., on Laurentian fo«all, 679 
Madeira, Vpfier Miocene «belU of. i<J7 
dike In valley in, 6(i6 
liiaod of, formatton and length of, 639 
lava*, alMence of water worn pebble* in, 645 
— — aectlon of, 641 
Mae*tricbt bed*. S13 

Maffiotli, Don Pedro, on •h«H« of ral»ed beach, 
669 

Magai pmmiUi, White Chalk, 324 
Magot'iian Itmetlone, concretionary Atructure of, 
37 

lime*lon« defined, 13 
— limeirone group, 4-16 
Maidstone, fo*«iU In White Chalk of, 3*8 
Malaise, Prof., on Kogihoui cave, 1*4 
Mammalia auierior to Pari* gypaum, Table of, 345 
. 1 —.. exttnet, coeval with man, 115 

fu*#ll,of Middle purbfck, 379 

in Auvergne alluvium. Gbl 

of Kembridge bed*, 281 
— . of Great Oolite. 403 
of Siwklik Hilli, *73 

Mammalian fauna, ancient, of North Amerka, 16C 

Maromat, Mr., cit^, 69 

Mammoth. See EUpku primigfumt» 13* 

Man coeval with caiinct mammaiia, 116 
Mantell, Dr., on fossil* of Weald. 347 
on bekmoiie* to Oxford clay. MM 
— — on Brighton Klepbant-bcd, 37) 

»—> on freabwater b^, ble of Wight, *81 
on Ifuanodon, 345 
— i. on Wealden formation, 343 

m.mmm QO UM COOTOb, S6i 

MmieUia mtgphpkflU, 387 
Map of Palma, C21 
•>— - of Cabtera of Palma, 681 
. of Bifel vole mic region, 670 

of Eocene tertiary basins, *78 

to illustrate denudation of Waatd, 156 
of Lower Miocene of France, *1* 
showing chalk formation in Fc aaoe, 334 

of St Paul’* Island, 635 

of voteank dlatrkt of Catakmia, 660 

Marble of Carrara, 750 
defined, t* 
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Martne and Iwncklsh water itrtti #0 
Mml, red, of Amrnrfuie, fti 

defined, It 

_ in Lake fiupairMir.M 
— red, wWte, and grean. tn England, 440 
Marls, green and whlia, of Attvergna, »i 
Mari slate defined, II 
I Af«rs«p8irt Umm, While Chalk. »i 
j Merthi, Mr„ on rbalk frartures, tk 

on fraonrea of W'eaid. MM 

llariitt*, M., nn iMl* of Sahara, 175 
Maasachuartts, phiinb.^tn of, 7S5 
Maarodna areerantf^, K*»rwich crag, 1*T 

— (fitmwhmn. United States, 168 
Mayenre iwulo, tertlarlea, *41 
Mavetmien, tetm explain^, *56 
May. Hill, bone bed* of 545 

sandMone, thkknes* and (bssHs of, WG 

«— > Silurian strata of. 847 
Mediterranean, deposits forming in, 96 
Meek, Mr., on Nebraska plants, S37 
Meerfelder Maar, t,ake of 671 
A/ego/odofi ctMtdkrti*. 536 
AfcgwrAmniw, iwiiar of IW 
Mfiamia Bembrldge, 98<‘' 

1 iNgMMo/i} ( rrrtliuMWf mc/oaefdc*), T** 

A/c/.<NopaM bticettutiden (recent), *Sf 
Melaptiyre, 600 

Menai Siralt, marine sheiU In drift, 185 
Meud'p HiU*, had rein* In, 769 
Mendips, denudation In, 67 
MeiaiUferou* veins. Htr Mineral vein* 

MetaU, reUUve age of 765 
M lamorphlc or Cry tUllioe Umestoti*. 796, 727 
I rocks, defineil, 5 
j rocks, cleavage of, 739 
! — — r<»rk*, order of soocesiton, 784 

' rock#, 7*4 

I — rock*, age of, 749 
! — — roi'ks, scarcity of lime In, 786 
I strata, origin of ?i5 

j iiraia. why less calcareous than fo*illtfcr*iii* 

strata. 755 

—— atrurture, origin of 738 

MetamorphUm not requiring Intense heat. 731 

— - by hydrothermxl aetkn. 731 

Metamorphosis of irllobitiw, 859 ite Trilobites 

Meteonte* in drift. 178 

Meyer, M, M. von, cm reptile of Coal, 808 

on Bp*«tlmen» of ArcHrgosaurui.AIO 

— — on Weald of Germany, 349 
Mexico, melted matter from JoruUo In, 71<» 
Mesoaoic, term explained, 9* 

Mtcaceous sandsume, origin of 14 
M(ca.*cbi*t, 7*6, 7*7 

Mtcrnttfr cor'Ongmkmum^ WThite Chalk, 3*3 
Mkroemtku* carbonmrHu, 490 
MieroifUfi aaitgsiiui, molars of 431 
Miditeodorf on Siberian ieei.drtft. 1 .16 
Middle crag, recent species in, 906 
Middle Oolite, 'm.Jm 
I Migration of MitU'ctnc ptaoii. theory of. 267 
j of quadruped*, 130 
I Mlholtte limestone, Md 
I Miller, H igh, on salt lakes, 447 

I on fossil trees in coat near Edinburgh, 482 

i on Old Red fiandstotie, 527 

Milne Edward*, M., on bryoxoa, 91* 
MinchinhampMm, fosslt shell* at« 101 
Mineral composUiuo, test of af« of pldlonk rocks, 
709 

— conpositton coneMered as test of •§*>, 97 
eomposttum, test of age of rokank rocks, 6^15 
composition of *o cank rock*, ffi# 
charaolac of byymgesHi rocks, 7M 

...« charaetar of aqueous rodtit, 10, 94 
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Mtn«rai iprinis e<mn«ct«d with mlnml vthtf, 

velnf Hid fittlti, 7M. 7W 
«— • vHiu difrrremt Afef , 7d0 
«*— iririn*, In, 7^ 

f <«ln» nnur 764 

oi organic rrmafnt, M 
Minrral*, ttblr of anaJypM of, C07 

at Mo«ui Perrier, 660 
—— *r*d Eoc<^. line between, JIH, S44 
— — AtUntli, theory of, V>S~~y79 

llj^fWir, of the B‘4d»rberg, 786 

l’p|K<r, vokwnic rocki. 667 

Madeira and Porto Aaoto iheiljr tuft, 

«fi7 

— - Lower, rock* of Elfef, 671 
—— l»ejl.ni, 710 

piMttti and fheHi, whether distinct genera or 
rarietie* of living, 'i64 

term raplatnod, 187 

>lls»i»*ippi, acrumuUtion of sediment in, 4<t9 
- fluviatile strata and deira of, 3 
Mitchell, Sir T., on Wellington caves, 126 
Miti a $cabra, Barton clay. 285 
MUscherllch, on Monte Komma cone, 654 

on iugite and hornblende, 501 

MudiiUa atnminnttt, Permian, 457 
Motion, Itthodomi in clllTat. 73 
M(N*i I'ryfapn. marine liielli found at, 156 
Molasse, Middle, of HwItierUnd, 255 
freihwater, ot Switierland, 247 

— Ijower, of Swltierland. 2‘'*6 
MolIu»cn of flailstadt beits, 435 

— common to Upper arui Middle Oolite, 395 
Mona t»o«. i«45 

Mtitu, fleaures of coal at, 53 
Mont Blanc, talcose granite of, 713 

Dor, volcano of, 677 

Perrier, breccia* of, with bones, 676 

Mi>nte Hoica, Middle FtK'ene, fostti fiah of, 667 

Mario, age of volcanic defHoit* of. 

Montl<>sier. M.. on roues of the Vivarali, 662 
Montmartre, gypseous sene* of, 396 
Mnntsacnpa, crater of. 662 
Moul* Dome. Auvcrgue, extinct volcano* of, 

Moore, Mr. ('harles, on Han Domingo shelis, 271 
— on teeth of mammalia, 440 
— — on Upper Trias quadrupeds, 386 
Moraine, term explained, 136 
Moraines of glaciers, 140 
terminal, 140 

Mor«a« Inland lea-clllfs of, 43 
Morlot, M., on laktMl well legs, 110 

on Hviss deltas, 120 

Morris, Mr., on Stone*5«ld slate, 407 
Mortlllet, M. de, theory of Uke.excavatioD, 172 
jtfMOMNriM Camperi, 313 
Mottled clays and sand, 292 
Mountain limestone, 51 1 

strata contemporaneous with. 516 

Mountains, volcanic, form, structure, and origin of, 
616 

Mull, Isle of, leaf- bed, 239 

MUnster, Count, on fossils of Solenhofen, 393 

on Placodusf 437 

Murat, flreshwater limestone near. 668 
Marchiiou. Sir R. 1., on granite of Caithness, 720 

on dints in Dover clift, 371 

on Silurian strata, 546 
on Swiss molasse, 246 

on carboniferous piutonic rocks. 717 

on Silurian volcanic rock, 692 

— — on cleavage, 789 

— on conversion into gnelit, 787 
on Devonian series, 532 

•— > 00 fbasll Ash of Monte Soica, 687. 
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I Murchison, Sir R.L, on metamorphierochs of Morth 
High lands. 753 
I on name Permian, 456 

I 00 Permian rocks. 460 

j on Posidooia mimita, 440 

on protrusion of toBd granite, 719 

! on Russian glacial drift, 149 

I <m schist* of Old Bed, 527 

' — on Ihe Cantal, 2 9 
, —— on thickness of White Chalk. 316 
* Mmrehisomia graeiU$, Hllitrian, 566 
i A/arcjr Ischia, 189 

! Muscheikalk, (•wsiis of. 4*6 
MtfiiatnUn Edvmriti, *lSft 
I Myrmetmbiui devcribed, 408 
I hiytilui Fermun. 4>7 


> y APLFS, Post-pll >ccne volcanic formations of, 653 
! ^ ' .Vosio granuUUm^ Red crag, 200 
s Natiea, •(>awn of, 525 
1 — — clausa, Clyde drift, I VJ 

j krluptdct, Norwich crag, 196 

; SautUms xfgsog, 291 

! /lorficsia, Kaxoe, 314 

i — cmtrnhi, Hlghgate, 291 
I — - piicatm, 3»1 
j — . trunratui, Uu, 416 
I Navarino. iithodoini found In riiflT at, 78 
J Nebraska, Miocene strata of, 276 
! Neckcr, M L A-, on dikes ol Vesuvius, 655 

I on Arr*u granite, 720 

j — — term* granite “ underlying," 7 
i Needles of chalk, ilie and position of, 853 
; Nelson, Capt., '-n Bermuda corals, 816 

j ilraa lug of Bermud.», 79 

; Neocomian, term explained, 339 
i Neosolc type of corals. 51 1 
j Nepiiinl.in tlipory, Ha 
i S’ermspa kicr(>ylyphice, 396 
! GitodkaUii, Coral rag. 396 
j Nerlnwan llmesirmr. 396 
; Serila conoidea ( Sckrmidelbana), 302 
j — cmtulatn, t lreat Oolite, 402 
. — - granulosa. 30 
glohulus, :*o 

, Scriltna concara, Headon series, 282 
I Newberrv, Dr , on Sfteuophyiluni, s7l 
j — on New Jersey Aura, 836 
; Newcastle coaUAeld, great faults In, 63 
• New Bed Sandstone of Conuerticiit valley, 451 
I — . Reti Sandstone period, trap of, 669 
I — — Reti SaiKlstone form itnm, 4‘^ 

New York, Devonian strata of, 589 
Cambrian strata of. 57H 

I^ureniian strata of, 579 

-»• .Silurian strata of, 866 
New Jersey, Mastodon at. 166 
New Zealand, sudden rise ot land in, 171 
Newer Pliticeoe volcanic rocks. 651 
Niagara Limestone, fosaits of, 566 
Nile, deposits of, lid 
mud, UR 

NipatUt $ tUipHcui, Sheppey, 289 
Sodvtarm, Ctulk, 26 
Sorggcrcukm ernneifidia^ 462 
Nomenclature of volcanic minerals, 889 
— — eftanges of, 89 

of Trias, 430 

Norfolk, buried forest, 160 

drill, composition of, 160 

Normandy, ehaik of, 382 

shells in, 206 

needles and chalk cliflli of. 185 

North America, glacial fonnations o(^ 161 
— carboniferous UmcMoot of, 819 
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Kortli Gmcuinr. teuft* Af, tM 
Nortli WaNtt, etcavaf* o4 »Ut« ro<t» in, 741. 741 
Northwich, bed* «f ««lt «t, 446 
Nor««]r, fruitte rein* In ftuiiMi oC, 706 
— — Cajnbriin of, 176 

- fiiiaiian plutonk roek* of, 717 
Konvtch cfif. *I>eiU of, 196 
mnd-pipet Dear, 6t 
Ko» 4 tkoiU. fotiil fomt* of. 4IJ 
— — petiod of coal aectimulaiion in, 4W 
Korwicti crej, IW*, 

y$tmmtUttft (SmmmuUiria) JR? 

<-— > fjpommM, Europw and .4«U, 

Pm$trk4, ^rener*. 306 

Nuratnulltic formation*, KM 

Nf*t, Mr., on te*tacea In Antwerp craf, 705 

on Edcf hetn ihelU, 73i 


ABOLrs grit of Ru««la. 566 

* ^ ApftUmtt, Silurian, 565 

Obeidian, 6(i0 

iEnlitjfrn, Upper Miocene, bed* of, ?46 

Gvpiornii, rfR« of, in Tru*, 4 *>2 

Oeynhauiett, M. von, on ( omiih graliite rein*. 704 

Ogpgia Hucktt, 8‘l«>rl*n. 562 

Ohio. Kali* of. Devonian roral-reef of, 540 

Old R**d, luppoted reptilian remain* of. 526 

Old Red Handituiie, lubdivUloni of, 520 

thicknei* of, 520 

— . trap of, 091 
Oldest granite*, 714 
OIdkamia radiaia, (}. ani>qua, 574 
Olrnujt mkrurmi, Lingula (lag*, 573 
OligocUae, compofttion of, 5W 
Oiha Dti/rrmrf, B«*ldcrberf, B-tgiiim, 334 
Oliver. Prof, on Miocene Ailanlu, 2C8 
Olivine, 59.1 

Olot, volcanic rock* of, 650 
Omphyrntt furluMafum, Wenlock, 5.54 
OttcAuf (muiMtrtatmg, Silurian, 549 
Oolite, origin of, 426 

d:vUl<>ti* of, compared. 111 
— — . Great. fcMtlli of. 390 
— — Great, fowil plant* of. 407 

Inferior, foMil* of, 409 

piutodic rock* of, 715 

— . phytical geo»rraphy of, 176 

table of divivlon* of, 375 

term defined. 12 

— — upper, middle, and lower, 376 
Oolitic *trata of EngUml and Fratvce, 376 
»»> volcanic rock*. 664 
Opkioderma Egrrimi, Middle Uai, 417 
Ophite. Ophiolite, 6(XJ 

OfKmium, molar tooth artd part of jaw of, 292 
Oppei, M., on zone* of Lia*. 414 
Orbigny, A. d‘, on Orbitvida. 305, 306 
— — on cretareoo* eerie*, 312 
on di«lincticm of •pecie*, 313 
on Vienna ba*ln, 242 

Orbifoy, M. C. d*. on pt*olNlc llmettone, 311 
Otrodapknr Heerti, 206 

Organic remain*, criterion of age of formation, 94 

t«*t» of age of volcanic rock, 649 

Oriakany «andt4one. cta**iication of, 540 
Ormerod, Mr. on thickne** of Tria*. 44 
Ortkii tlfganiMta- Upper Ludlow, 549 

trkimaria, 0. 9€ipert$Uo, 0. gremdti, Silurtan, 
ftSfi 

Orthoceru In 8t. Caafan bed*, 435 
Oftkoorra* ecafncoffmi, 551 
— — Hfermie^ 516 

«ii|*k4r, SilurkD, 562 

Ortboda*«t oompofl^ oC $90 
Otboroa, or fit. Hakn** terk*, 281 
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PK5 

Old Red Handatooe, 59 
fliirmi frrgerea. Coral rag , >86 

ecemfaale, FoUer** earth. Kl 

— » carOMOi, Chaik. 126 
— — > (W»m 4«, Chalk, ne 
*—• dcft odra. Upper Oolite, 393 
, , dMorm, Piirtwfk, >7i 

' fTpmua, PurtUnd«4M:oae, >92 

— erawwArrM, Chalk. >15 

; Otodu* (noth of, SOH 

Overlying, term applied to vokank fork*, 7 
Owen. Prof., on Kucana mammaita, 365 

— on carbuniferoitt lima«(ooe, 519 
on care-brecria fbttil*. 1 26 

' > on Uutva of Hheppey, 

on ftu t*tep« on Ft>t«dain nandatone, 577 

•— on fuotprtnt* of Tria*, 442, 413 

on Gaatortii* Paritieniii, 363 

on Ichthyoaaurti*. 421 

on tfpkmu, 2*7 

on PfngiaM/Ajr, 3H‘l 

, on Purberk mammalia, 360 

i on reptile of Coal, .103 

„ — on Trigmiodno, 343 

r»n Htonetfieid mammalia, 404, 405, 456 

— on uglodmi, 307. >06 
0« c*immnn. molar rd, 114 
Oaford clay, foMil* of, 397 


plCIFK*. coral* and chalk of. 3l6 
* EiUo'cArnm ftgat. Mountain Limattmie, Ml 
Pu/riotucH* {EatatoiArtunm), 459 

. ivmptu$, E. rfcgavM, /\ g/opApmi. 4n0 
Paleontology of cretaceou* rock*, 342 
— — term eipl lintHi, lUO 
Ealitiipkit typkmti, Uracklrtham, 266 
EoLrotattnii phtpodm, trmth of, 444 
Enl4F lAfrium mogwwiw, 261 
Psaa'otoic type of coraU, 511 
Pidagoolte tiiir, 597, Oil 
Palermo, care* near, 74 
Palma, aquenu* eroiloii in. 610 

denudation of fluvlatlle or roaritie, (132 

— - ratdrra of, 6.'l 

tlructure of. 62i. 624 

Ealudtna, foi«it, of Auvergne, 225 

knta, Hemp*(«ad, », m 

— - Majence, 241 

orhfcnUtnt, Uerobridge, 260 

, Eoradotidrt fhkemkus, 575 
PariMffio/iVi crntralk, Chalk, M2 
I Pari* batin, lertiarie* of, 295 
! Eaika deapit'm,bih 
, Parkin»i'n, Mr., on Suffoik crag, 162 
i Parrot, Dr. F., on talulake* of Ada, 447 
I Patagonia, ledlmentary layer* of, 745 
“ ground plan of dike* near. 159 
Eai»Ua runaua. Great Oolite, 4<n 
. Peach, Mr. C., Scegch DevoiiUn foMll* found by, 327 
I Peak of TeneriBe, Idew of, 637 
I Pearlitwie, 601 \ 

1 Peat of Dminark, \w 

I Petrble-bed* of L4>wer Mioce*»e, 6wi|»erUmd. 257 
j Pebble*, ahaence of, f^tnita, 721 
‘ in Chalk, >21 

j Prcitpuru lomrkiika, Carbaniferoiw, 486 
j Eeetm itUtmUttu, Cl;d« drift, 15> 

I Bemeri, White Chalk. >35 

I pupifracnu. Coal, 422 

! — fwfofiw eotiatm, Whila Chalk, m 
' — JacobatMS^ fiieily, t8> 

I — . Eatonkmk, Trials 418 
Pefmailte, <96 
j Penan h bed*, 4>8 

j Peugeliy, Dr., on fUnkkiMm «f Brtfiliaai wt, 124 
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FonttUf , Mr., m Sotwjr Traocf llfiiit#, lift 
Fmaerintu Brittrem, U«f, 4J7 
FftOtuntra* biKb, Ml 
Pmmrnnu* KnigMi^ Apm^rj, MO 
— Ml 
obhngiti. Ml 

Ff'nlbml HiHi, vaUsante roelti of, 001 
FtntiMii, human aluUli at, )(Xl 
Fufiertfio, 601 

Fiff^^riao* of Oorgorla, (Wft 
PKpy*, Mr., dtod. 41 
IVriod of W««ld OirnudAtKio, ftiS7 
Frrmhin f roup, 456 
Horn, 461 

Prrna MnUeti, 341 
Fcrtherirfo group, foMili of, MS 
Fftrllhctioi) of foitil wood, 39 

procoai of, 43 

F«froiilfti,60l 

Vhacojn Im^front, Devonian, All 
•x-.. roudofui ftlUirUn,AM 
Phtueoloikmitm BueklanHi, fttonoaflAlO, 4(fMJ 
PhutiamtUa Hettdmgtimrmd, Coral-rag, 39 
Fhillippl, on tartiary kh«lU of Biclly, 191 
Fhllllpf, Prof., on coaUbaaring strata, 463 
— ■ on W«i)lock *hala. AM 
- on slaty claaraga, 741 
Fhlillpi, Mr. W , on kaolin of China, 11 
Pht*‘bopurit cuHiigua, Lower Oullie. 4U8 
Pkutadomyafitticnla, Inf. Oolite, 409 
FlionoUCe,A94.(>0t 
Phorui erUmuM, Hlghgale, 191 
Fhoiphsir of lime, 329 
PhrtignuKtroi vtnirif^otum, .*181 
Phry gotten, larva of recent, U24 
Fhyllade. W 

Vkyta rofsiwaafij, F. kyymorvm (recent), 29 

BrisHiwit, Middle Purbeck. 379 

Ftro Torres, Ac., of Madeira, G4U 
Fictou, calamites near, 4|M 
IMe-dwelilngc of stone and broose age, 1 1 1 
of .Swllserland, 1 10 
I'llton group, fussiii of, A38 
Ptnnutrtria, Atlantic mud, 31S 
Fiiius lylvestrU in peat, 109 
Fisolltk limestone, France, 311 
Pttrhstone, 601 
Phcoditt gigot, teeth of, 437 
riacoldi of Wealden, 347 

srarrlty of, In Old Red strata, AM 
PUtgiautoM Beekietii, Jaw of. Middle Purbeck, 
3«0 

minor, jaw of. Middle Purbeck, Iftt 

Plagimioma giganien w, 4 1 5 

liofteri. White Chalk, ISA 

Pianera Hickmrdi, 4£niiifen, »6J 
Flanitt, tripoU of, 96 
Pianorhit 4i»ctu, Bembridge, MO 
enompknlms, 99, M3 

Plants common to Kocene and Miocene, 973 

fossil, of Madeira, 642 

fossil, of Swiiiertand, 956 

. — of Purbeck beds, 39i 

— - of the Reaper, 419 

rias Newydd, altered by dike near, 607 

Plastic clays and sand, 292 

Piotanm noeroitln, (Enlngen 2A9 

PJntgsioma Smem't\, HaUstadt, 414 

Playfair, cited, 45, 8« 

on IkulU, 61 

on Hattoniao thsNNy of stratifteatloii, 60 

PlectroduM tmirabHu, Upper Ludlow, 549 
Pleistocene, term, why abandoned. 107 
PteMimsmrw goikJMleinit, Idas, 490 
Pkwrodictpum prokitmatieum, 53ft 
F4e»r«Ct»M attenmio, Mft 


PBS 

Pteurotomo matu, II 

PkwoUmnHa emimUi (Jtmmmfgtrm% lift 

— — BngUcm, 19 

— - gromtiorn^ lof. Oolite, 400 

—— ornata. Inf. Oolite, 409 

Plieninger, Prof., on iriaMic maMifar, 490 

Pliocene, term enplaJned, 167 

Older, Tolcank rodks, 666 

— strata in Ischia, tftft 
— - period, 177 

— volcanic rooks, why invisible, 710 
Plomb du Canul, Igneous rocks of, 664 
Piomblftres alkaline waters of, 711 
Plover held, flne-grained granite of, 720, 791 
Plumbago of Massachusetts, 725 
Plutonic rocks, 7 

action, 731 

— • nsrlxmlfeTotts. 716 

cretaceous, oolitic and liassic, 719 

of the Andes, 71.1 

— - rocks, origin of aame, 694 

Silurian, 717 

test of age of, 709 

Pluvial action on chalk, 369 
Podncarya, portion of fruit, 407 
Piitiogonium Ktnorrii, CEningen, 249 
Poikilltif, term expUined, 4.30 
PotjfCtrUa prqfunda, Permian, 51 ! 

Puiyftterm^ living, in the Nile, 519 
Poinel. M., on fossil of Mont Perrier, 6*0 
Pompeii, brente insirumenis found at, 119 
Ponto da Crui, Irarhytic tuffs of. M6 
Ponia Islands In M' diierranean, 613 
— — xoned structure of trachyte I », 744 
Ponxa, Isle of, globulAr pitcbstone in, 613 
Foiiti, Prof., on Subaprnaloe strata, 207 
Porphyritk granite, 699 
Porphyry, .595 

PoKtaml, Isle of, fossil forests In, 398 

Slone and sand. 3!H 

Port .Monii, surface of lava at, 646 

Porto iianto, Madeira, Upper Miocene sliells of, 667 

Poittkmta mmutn, Muschelkalk, 437 

Potidonomya Bt chert, 518 

Post-pliocene perlo<l, human remains of. 118 

1 mammalia, teeth ot. 139 

’ — lakes of Swha ‘rland, 172 

j valley drifts of, 114 

1 — — - volcanic rocks, 652 

strata, 107, 1 13 

Pntanttdct cinctnx, 30 
Potsdam sandotonr, 576 
Pout ones at Horst«»ad, 390 
Pottery In uprais d strata, 12! 

Pottsville, coaUseams near, 496 

footprints of reptiles near, 506 

Powell, Mr„ on mammalia of Auvergne, 977 
Powrie, Mr., on Cephalaspts bedt, 598 
Poxtolana, 36 

Pratlas, Lake, lake-dwellings in, 1 10 
Pratt, Mr., on fossils of Oxford clay, 397 

on Lie of Wight mammalia, 981 

Precipitation of mraeral matter, 41 
Pr«d.4Sio, altered rocks at, 716 
Prestwich, Mr., on island in Eoceoa sea, 366 

on Barton clay shells, 985 

on Blackheath shingle, 194 

on Eocene strata, 867 

— — . on shells of London clay, 9ft9 

on Weald denudation, 365 

00 iron-sands, tB3 

on Calais flinl-brecda, 371 

on cave and drift fossils, 119 

— — on eoa’-roeasures of Colebrook IMde, 62 
— — on Sables de Braebeint, 3ftA 
1 PrAvost, M. Constant, on Mana of Montmartre, 296 
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PIK 

Prfv«fi, <M| P«Hi bMiit, DSC j 

Primwy UaM«lMMvTI7 

PH1M17 " trliUtt. wmpmrntm of. m I 

Primordtd iom tyf BonsiMK MB, ft74 

FrtMhuihu itorritf«t,4M j 

$emitrlkmiatm (ooijftMfw), «U 
FrofrtMlw <|irveto|Mii(*iit *f»4 ottkwt foidi i«h, ftM ‘ 
PrtXmcrs, in Lo«r«r MaU«««, Sniuwrbiui, ' 

t«».W0 I 

Prolr»gute, m W 

Protrution of ioihl granite. 71B» 783 ! 

P^noMNorfau p0nmu^ %t7 ' 

PtoiYiniui in PermUit of Ikxonf , 4#»l 
PsnuhcrimtfB 4f AMrligKit*, Wrolock, !i64 
pHmeept, lUvontoa, W4 
Ptenupii in Low4*r tudlo* ibnk, .MiJ 
ytfriiktkff , Old R<*d SoiiiUtone. &31 
Pterudnctjrl, gig«n(ie »li«> i.f, jjt* 

Pfmxtacti/itu (TMUfnutriM, SoUmhofon, 3;tl i 

Pteropk^Uum comptum, Griuhorpe, m ; 

Hrr^guftts angticus, Alta. A34 I 

PffcWiu atrurrtm, Ctwilk.3?^ | 

PugKMrd. M., nn »riU of i»rhia. ih9 ! 

PttJ<ferin«ttr of GillrofeW, Uke ol. m ■ 

Pumice, AJ*#;. Coi 
Pnpo mmscormm, Rhine, 119 

fYra#/o, OnU, W§ 1 

trtdenM, 30 

Purl>eck, Lower, •betU of, 337 1 

lw»d», 37A, 377 - 891 

foAiil niAminNiUi of, 379 ' 

marble, 377 : 

— ~ Middle , (helti of, 371 { 

rpper, ihelh of, 877 

Purity of coal, eauaca of, iiW 
f^urjmra fc/rogono. Rod crag, PH) 

Pttrpurot^a nodm/aia, Great Oolite, 403 ; 

Puy de C6me, volcano of, (>32 I 

•— de Pariou. crater of, OM j 

—— de Tarlaret, eruption! Ok) 1 

Pjrrenee!, curvAture« of ftrata In, A| j 

—— altertad foatiliferoua rock* of, 730 , 

lam i nation of cUy»ilat« in, 74S ' 

Pyroxene, SOI 

Pyroxeotc porphyry, fiOl • 

Piittuoli, elevation and depretaloti of land at, C&4 
Pffftda reticulata^ Coral line crag, pa > 

I 

QUADRUMANA of Upper Miocene atrata, Oer«, , 

Quadruped!, eiitinrt, in alluvium, 11 i 

Quartx, fution of, 697 ‘ 

vein* in gneta! of Korway, 706 t 

Quartaite, quart* rock, PS, 737 * 

Quebec group, foaiiU of. £78 
Quekett, Prof., on Pupa vetuita, 5fi9 
QueoMedt, M., on sone* oi LUa, 414 


p ADA BOJ, fomrt* of. 943 

Radteofani, Older Pliocene volcanic rock* of, 6(16 i 
JHadiolitet /iMaceutt Chalk, 33& 

Mortmi, Chalk, m [ 

radiatm, Chalk. 315 j 

Radnorshire, itratifled trap of, 6^ 

Jlain-primi$ leitk wona4radt$, 4fi6, 4W | 

— — carboutferou*, 4W ( 

Raised iieach of San Catalina, 669 
Ramuy, Prof.. 00 Welth glaciers. IM 

on caoies of Weald denudation, 873 

—— on cretaoeoui fosuls. 343 
— . on denodaHon, 67 
— — on Devonian Bracbhvpoda. 533 

on fo«!il! of Mountain jUmestone, 514 
00 rnlaCioM of OoUcic fbaaiU, 410 


lUM 

RamMy, Prof,, on St Caaaian fhoslta. III 
on Tremadkw alatet, Rt . 57t 
on Trial of England, 43i 
— . Ml two graititM of Arran, TIB 
- — on volcanic CaRf of Snowdon, 6B1 
— on sonet of LUa, 414 
JtattrHfi pere gH mm i , SUiwlan.Mt 
Rauiln, M V.. on l>ie«t landa, 333 
Raeine of Barranco d« tat Anguftiaa, 611 
Recent *trau, deflned, 107 
— — strata near Naplea, 109 

volcanic r«ckt, why invltUde. 710 
Record, imperfvetion of. la ih« nafih'i htatory, 179 
Reti rrag of SuBolk. 199 

(Sandstone, origin of, 445 
Red Sea. lAltnes! of, 441 
— > and MediterraDran, diatinci ^weies in, 96 
Keiixitwr period in South ui France. 125 
Relation of irjip. lava, and aruriw, 611 
Keliitran mine, pebble! in (in, 763 
Reptile of the Kupferschiefer, 461 
Reptile* of oaal.measurc!, MM 

— rarlKmiferou*. 562 , 

—— of the Lias, *30 

— — Auppimd remain! of, in Old Red, 5l6 
/iHeporaJltuiracem, 456 

Hetintte, (H*| 

Kbwttc tied*. 439 
Rhine, fottli* ..f, N9 

— valley, human •keletcm of. 117 
RkmtKfrM trpiorkmttt, molar ol, 1J3 
— ~ 'ickoiktHtu, molar of, 138 
lilioniboidiil licaled flih, 539 
HkffncMmfUa Mt/jumf, Aymeilry, ftM 
•— narfcuin, Ludlow, 549 

— — > or/opfira/o, White Chalk, 834 
— — tjanota^ Inf, Oolite, KiU 
HbfUima tndaratum, Utoingen. 364 
Kiciiardson, Sir John, on fossil .Sequoia, 3i>h 
lltrhnmiid, Virginia, trU*«lc rruil-field ot, 444 
Himu/a riafkraia^ Great Oolite, 493 
Hliik, Mr., on tee of Greenlauil, 143 
Uipple.mark, formation of, 19 
Riufi and fall of land, iOk, ii4 
— > in Waaklen period. 8191 
fUiton CkaslcUt, Hempstead. 3M 
Kilter, M., 00 lubtner genre of Sahara, 174 
River lerrares, anrieul, of Nlie, Hi 

— channeli, atirieiit, 501 
Roche de Pignon, Seine, 854 
Roche mootoonee descrtiied, 140 
Roches dOrlral, KlUeuf, 854 
Rock, term deBoed, 3 

cretaceou*, 337 

ami Spiodie, St. Andrew’s, 6li0 

salt, origin of, 445—4441 

Korks, four Haases of, contemporaneous, 4 
altered by suirtarranean gasos, 733 

— clastlication of, Mi 

— composed of Piasli toophytaa and sWilt, 24 

— glacial scorings on, 143 
— . mrtamorphir, 734 

metamorphlc, age of, 7lB 

— . trachjrtfc, of Madefra, 646 

trappean, m 

Silurtan, UUe of, 547 

smoothed and strlatod, tJ9 

vokawte eocene, 667 

Eocene, graiute, and ydulnoic, 713 

altered by sabUnraBCan gaaea, 66# 

— tetu of age of, 64i 

— votcanic, atnKturt of, 610 
Rodeftwrg , volcano of. 674 

Rogers, Prof*., oo Devonlma rorlis, Ml 

— os coaLSeld, Cttitod 0catet» HM 

— on rcfdlle (oMpflnu, MB 
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Fos«r«, Prof,, «a Elcbmond eoil-fteld, 449 
Homim relU» In Rwlu tirata, 190 
Komr, fnrmatloni at, 907, 0G6 
R^imor. F., rni diatk of Tvxaa, 337 

on Ait'U'Chapdlia b«di, 331 

Koto, Guitar, on fuiloo of quarts, W7 

on FKoihire dike, 601 

on borublende, 601 

K'mi, <‘apt., on fre^nifone at Keeling Island, 331 
Hnii'ihlre, denudation in, 67 
Ro«*o antlco, red porphyry of Egypt, 

Hotiethria ttmpla, 20i 

Ituih, M., on Miocene formatioai of Greece, 

JlojtiihiM, Chalk, 26 

Hubble, term explained, HI 

liunn of Cuteh, lalt of, 447 

Hupelian ol Dumont, 235 

Kupelmdiule, Up|)er Eocene bed«, 336 i 

H Utkin, gUclation of, 149 

Devonian of, 637 

fottll meteoric Iron In, 176 

Hiitimeyer, M., on Eocene monkey, 293 


CABLES de Dracheux, 363 

^ muyeiit, 'MH) 

Sdttrliriirk coMi*(lelrl, 603 
Sitbtii V«»«y. 357 

SntinrH, nuhtnergence of, 174 
8t. Abb'i Head, unioiitortnabie atratificotion at, CO 
curved itraU near, 49 
St. Andrew*, Hock and Spindle in, <>90 
St. Helena, vulcanic dike of horlxootal pritma, 
610 

St. Lawrence, Gulf of, inland beacbei and ciilfk, 78 
St. Mnry'i, khelU of, 6(»9 
St. Mlhlel, Krauce, inland t liffk near, 77 
St, raul'i or Amtlerdam ItUud, 6:-5 
St. IVter't Mount, near Maektricht, ta(]dpi|>ci in, 
H3 

S Vicente, luff* and llmeatonet of, 639 
S.tUitbur> crag, altered ktrata near, 608 
Salt riK'k, utigiu of, 446 
lakei of Akia, 44? 

Salter, Mr., on fotsili of Lower Llandello, 563 
San ( atallna, railed beach of, 069 
Sandl)erg«r, Or. E.. on Maiencc Tertiary, 341 
Sandplpr*! ol North Downs, iCO 
— . in Norwich, 83 

or sandgallk, term explained, 83 

Saiuit of Hastings, 346 
of Oiest. 33i 

SAudstone, Grey, of Upper Ludlow, 549 
— — and conglomerate of Auvergne, 331 

— New lied, of Conueciicut, 460 

— slab, with crack*, 348 
Sandwich Islands, craters and calderas of, 616 

volcanos of, bl6 

Sail hirsuta, 576 

Satiel, intercalatloni of gneiss In the, 753 
Saucatt, near Bordeaux, faluus of, 330 
Saurians of Llai, 430~-435 

ludden destruction of, 434 

Sattrichtkp* apicaiu, 440 
Sauiture, on erratics, 143 
— » on vertical conglomerates, 47 
Saxicata ntgosa, Clyde drift, 153 
Saxony, protrusion of solid granite in, 719 

Iteda of minerals, 763 

Scandinavia, glaclatiou of, 149 
Scapkrtet rnijuatist DorMtshlre, 334 
Scarborough, oolitic plants of, 407 
Schist, micaceous, 73^ 737 
— — ~ argillaceoiH, 796, 797 
Sckt*»dlxit ScMiotheiim, Permiao, 457 
inmeatui^ Permian, 457 


RHA 

Rchraerllng, Dr„ on l«l4ge eavemt, 113, 114 
i Schorl rork, 700 * 

j Schwab, M., on Celtic coins, 111 
I Seolioftoms^ St. Catalan, 434 
1 Scoresby, on Arctic Icebergs, 145 
I .Scoriaeeous lava in part amygdaloid, 596 
; Scot tie. 696, 6<>1 

; formation of, 589 

I Scotland, fundamental gneiss of, 586 

I Old Red Sandstone of. 531 

— glaciation of, 151 

‘ Scropc, Mr., on soiled atructurc of Ponxa Islands, 

I 

on gliduitar structure of traps, 013 

: oo giobifurm pitchstone, 613 

] on luff .-ind pei^erino. 697 

, SeH^beds, kcore«l by icebergs, 147 

; cliff., inland, 71 

( Srrilon through part of Teneriffe, 638 
; — at Champradefte, near Clermont, 233 
, —— betwwii Atlantic and Mississippi, 4t»4 

between rivers Alabama ami 'rombeckbec, 

I 307 

i In Isle of Portland, 388 

j of Arran, 732 

of central region of Madeira, 644 

j ofcontorievl strata, Fonarshire. I Vj 

1 of Dundry Hdl, near Bristol, 4H, D"*. 90 

I of esi'urpinentk of Weald Valley, 357 

! — — of Forfarshire, 48 
j — - of Ikle uf Arran, 733 
i — — of lava at Caib l FuUlt,6C4 
— — of 51a<leira, 611 

j of Palma, 634 

I of .Souih Juggins cliffs, 4H3 

' of Chalk and Greeusand, 315 

' ol F’U'phaut-b«Hi, Brighton, .371 

! of LuUnrth Cor dtri^lMsl, 

‘ — of Did and New Red Saudsiune, 429 
i — . of thr Weald, 344, 357, 3M> 

( showing chalk in Seme Valley, 35'2 

! khowing erect foksll tree* in ( oal, 480 
— — vertical, of slate-rt>ck, Devon, 742 
I Si^tlgwick, Prof., on concretioiiaiy magnesian lime- 
stone, 37 

I — on brerciated limestone, 457 
— • on Cainbr'an, 570 

1 on carboniferous plutouic rocks, 717 

{ on Coal strMt.i, 464 

I on Cornikh granite, 704 

• on Devon uin series, 633 

on garn.-ts in altered rock, 607 

; on granite of ( aithnets, 720 
' - on Silurian strata, 556, 562 

, on structure of mineral masses, 738 

Segregition of mineral vein* 759 
' Semi crystalline strata of Alps, 751 
I Semio'pal, Diatomacec in, 26 
; Senneville, chalk pinnacle at, 354 
I Senontun, term explained, 313 
; Srquoia Lannsiioijb, SwExertand, 260 
— Mackeiule river, 261 
, Seraphs roaeu/ssfiiM, 384 
I Serapis embedded, 109 
I Serpentine, 601, 737 
Scrpulff on vcdcaiiic rocks In Sicily, 191 

; attached to Kncrinitc, 400 

attached tu GrapAsCd, 22 

' attached to Spaiamgus, 33 

' Jidiale, Luwer Ludlow, 561 
j — deOned. 1 1 
I Sharks, teeth of, 388 
1 Sharp Tor, Cornwall, granite of, 695 
I Shartie, Mr. D.. on shells in slaty cleavage, 741 

t un Silurian fimils, 567 

I ou upper Canada, 339 
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Shell •nfeoottdi Denmerh, 109 
ShdU, prottorti^ ol Kofthtfn tod Soulheni, to 
crtf, lOi 

Arctic, III Scotch drift, IM 

— — fottU, o( Virfuiu, I'. S., t74 
uf Loudim cUijr. *£11 

— — of mououln UoiciiUMje, 51J~.M7 

— • i>f Barton eUj, 9114 

of Edcfhem. tua 

of falont c<Mn|Ntr«dto thwie of crtg, Sll 
— - of Faxor, il4 

of Gerfrivia formatioci, 

of Gteoi OtiUiv, 409 

— of Majrencc baaiu, 941 

— of Norwich crag, iv6 
— — of Stcdy, lao, 114 

— — of iuba}>enniae bedi, 207 
— - of fppw and Middli* I'urlxiek, SH. 378 
— — prMcr«ing tteir colour, Hh 

proporriuu found in dilTcreut itraU. IHS 

recent. 28. £i, 30 

—— valuable in clatkiflcation. 186 
SSrpiiey, fjuuM aud (toru oi. £M) 

Stieilana, granite ol, 701 
— hori(btt*ude kIiI^I of, 734 
htol}'. Vulcanic dtkea of, i9( 

— - coraU of, l‘i2 
— dike* 111, 

- tuiand cliflli in. 74 

newer IMiocciU' Uedi of, lol 

terraem of dcuudauon m, 74 

Sidlaw iiiiu, trap oi, •>01 
Siebengcliirgc, Ignrous nx ki of, 673 
Htgillaria, itcucimc and tixe of. 471, 47H 

/iraign/a, Coal, 472 

Siheroua liinr»ti>nc detned, 12 

rix k* defined, 11 

Silurian piutoiuc Knki, 717 
— — derivation of name, .'>48 
— — foiitU, MO— S8iS 

— lower rnoUmotphlc, In Scotch Highland*, TliS 
rock*, table of, 447 

— rocki, I'lHwr, 418 ; Middle, .S46 , laiwc'. .4*'H 

rock*, whetner of deep-water origin, '>68 

itratiof Kuiojn*, 4l>.4 

— atraiaof tnlCed Matea, table of, 466 
— — volcanic rock#, 6**2 

Siffkunm pynformtM^ Hiarkdown bedi. 3’i7 
Siphimotnrta mmguicuJala, Sdun.tn, •'<65 
Siwklik iitllt, ircvhwaier dc()o*iii ul, 273 
>kap[ar Jokut, flow ol lava from, 640 
Skye, plutonic rocki of l,ia< in, 716 
— - dt‘curni oaed trap of, 604 

ia»d*tune in, 36 

Skull <if ifuNc (tgc, Denmark, 113 

— q/ irun age, Dennmrk, 113 
Skuili, bracb>ccpbalou«, 113 

I •— ituliciiucephaloui, 1 13 
Slaty cleavage, 740 
Slickeuttdei, term defined, 761 
SmtUx obtutiJolUt^ IKoingen, 243 

MgtilO^ra, CJSiiii»gen,aM 

Smith, Mr., of JordanUUl, on Madeira fowii plantf, 
642 

Snugi, fotiU, 481 
Snowdon, volcanic luflii of, 622 
SoUkonnaii aandi, 302 

Solenhofen, foiiUi In lithographic alone of, 3»3 
Solfatara, decompoailioo of rocka m the, 733 
Softima, lahllwind at, 605 

— cone tod dike* of, 6*44 
Sopwlth, Mr- T., model* by, 57 

Sorby, Mr^ on rlpple-toarka In micfachUt, 747 

eu hydrothermal actlkm, 698 

on ilate cleavage, 742 

South Devon, Old Red of, 531 


«T« 

Stouih Down*, tranaverae vaHeyr, 3^il 
— view of, 3>Vt 

Stmlk JoggriM, Hiiinarta and idgllUrU at, 479 
— — aeciion of clillli at, 482 
Spwccohiraci inland cllflfa, 7€ 

Spain, volctmo in, 6 
SiiaUrotbcrium, Bur be* k, 463 
I Hpaubh volcano*, agv of. 6*'di 
I Sp4»i0»gm$ redichan, Chalk, 314 

I with Serptifa attached, 23 

SjMfchrv, antH)Ulty “f living, m 
— . uf l>pef and Loafer Oetacenii*, 112 
— . of plant* comiiMMi U» Oldtt Mioteueand Hot 
of iKnhigen, 2f»»i 

— vaiiafloni or, 213 

Sjiwcirtr gravity of baaalt and trachyte, 51)4 
S|H-**a. flulf uf, caleareoua riicka, 740 
5pk<erc/or5w* Hilurlan, 4rv4 

SpkitrmtUt <rga/ h t/orMii, Chalk. 335 
SpkfMvf'tnn gt itcUi», Wealdew, 34D 
-- (tewarn, t’arlrunift'roni, 4<!6 
SfHcuta ui *punge, Ailantic mud. 318 
SpK^fr tilgoHaiis, S. gtabfi, Mountain Lfmwton 
514 

— ttn} 0 ncti»$, Devonian. 533 
u,Nctow4(«i. '>37 

— H'airttlit, l.irwer Ida*, 415 

wmrtt/o/Mv. 448 

Spitoltnn Kocenc, 301 

Sf»foth<s larhunuritu, 4*30 
VVpuodpfwi ifJtfttnat, Chalk, 3'J3 
S}M*ngc in itml (t'naik), B27 
Sp 0 ttgiU*i, ipicul.1 of, in (iipuli, 1'5 
Spring!, mineral, .Sre Mineral ipringi 
Si.ifla, roiutiinar liaialt of, 6lU 
StMlactIte, origin of, 123 * 

Starhvh o! I, iwer l,.udluw, .4.42 
Mautla a^titr^ptrmiii, Silurian, Ml 
sceno, (Ml tUiktflration of rucki, 87 
Sterengnathu* de»cni>ed, 4*8i * 

1 .sternbcrgla, itruciiire of, 474 
I Sugifuru in coal meaiurei, 465 

JiCifidet, t 0x1, 473 

—— i*nil SfgiUtirtii, 473 
Stirling Ca.tle, rock of, allered by dike, 608 
j Stij»er.!tmie* gr(»up, .‘>*13 
j Moikwerk. a*!emtiUge of veini,759 
I .Stoke., Mr., on petruaiiton, 43 
I Muae weapon* at (jeneva, 111 
I stuneifieid aUtv, romputttiun and fnaiiU, 402 
j .Strata of K ioii, '£ei 

arrangement of. determined by fo**!!*, 21 , '2i 
I — coiiMiddatiun of, 34 
J «— cufitortioii! of, in Cyctopiau Uhn, 65i 

contorted, in drift, 155 

curved and vertical, 47, 58 

I — > elevation of, aiarvr tiie tea, 44 
j — {oitiltfenati, tabular view of, 102 

honioutallty of, 1 4, 45 

j iofraliataic, of Au*t(ian Alp«, 43i 

j — . Lacnitrine, of the Caittai,2(r7 

l/ower Miocene, of Knglaod, 237 

I la>wcr Mirjcetie, of France, 215 

j mrtauiorphtc nrigm of, 728 

lumeraJ compotiiion of, 10 

I — . Miocene, of Italy, 244 

I — Miocene, of Belgium, 234 

j Mroceue, of Boideaut, 'iJO 

; Miocene, of Ftanee, 2.0 

j Miocene, of Switaer land, 94$ 

• — . Newer Plhicenc, of hnfland. ISiS 
! — . Older FliiiceiM!, eC Eufiawi, iV9 
I outcrop of, 56 , 

I — Pott-plkrccae, 167 

pforameore 01 harder, 3$3 

[ Recent, fO? 
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Hilurliw, ftf Eurof«, MIA 
$titM|Mtnnfai*, 306 

— . UUt« of Ktw York X>trot)Utt, m 
term deAnMl, 3 

— — Cttper Mioecii«, of Gori, 2S1 
8tr«tiflc«tion, uneonformM>I<, 60 
form* of, U, 16, 47 
•»— unconfonntUrle, SO 
S(H«t prodttctloo of, 119 
fUHfttion (tfrocke, 139 
.Striekinnd, Mr., on Poaldonlo mtnoto, 440 
Strike, t«rm 6) 

SMMgocepkatm Bmrtimf, fi3A 
Sin inbotl, leva of, 7 1 J 
Stropkumfna grandh, Silurian, 5^9 
—— tUrprenta^ KllurUn, 564 
Sirotil, MarquU, on Upper M)oc«n« Flora, 9^ 
Structure, columnar and flobular of roleantc rocke, 
610 

...» joIntiNl, of melantorphlc rocki, 739 

moumorphlc origin ol, 734 

Sluder, M., on gnein of Jungfrau, 752 
— — on boulderi of Jura, 141 
Subaprnnlne ilrnU, 'Ai6 
SubdlvUloni of Benrtbridge bedi, 2S0 
Submergence of North America, lf>i 

and rc^flevaiion of land in Scotland, 152 
Succeitlon, order of, In metarourphic rockt,754 
.9urc/ftea amphihia, '29 

rlongata, Uhlne, 119 

Sue««. M., on HalUtadt foBilU, 434 
ou Kneiaeu beiti, 433 
— on Vienna batln,242 
Suffolk, crag of, 195, 199 
SupergA, near Turin, tertiarief of hill of, 207 
Su|i«rlor, l^ke, marl In, 36 
StiperiH'iilloD of oqueoua depotlU, 97 
— — of C'a alonian rocki, 666 

teit of age of rolcanic r<K ki, 644 

Supracretacooui, term defined, 99 
Sut scro/a, molar of, f34 
Sutaex marble, 346 

Swanage, foirll mammalia fotiud at, 380 
Swaniea. coal-meaiurei ut, 465 
Sweden, Cambrian of, 576 
SwUi plle-d welling!, UO. lU 
— — Jura, iiruoture of, 55 
Swltierland.age of metamorphic rocki in, 751 
lake*tfrracei of, 120 
— - lake-dwelling*, 1 10 

Miocene itraia of, 246, 264 

— - foiill plant* of Lower Miocene of, 258 
Sydnejr coaUfteld, Cape Breton, 486 
Syenite, formation of, 699 
Syenltlc granite, 700 
gneiii, 727 

Symonda, Rer. W. S.. on Moel Tryfaen ihelli, 158 
Synclinal iioe, term ttofined, 48 


TABLE MOUNTAIN, itntfi horliontal In, 43 
^ granite vein* in, 7(M 
Table of foiiil vertebrau, ASS 
— from Portland-itoneto Lower Greenaand, 390 
.. — of Devonian aerlet, 539 
. — of French Eocene itriU, 298 

— of Limburg beda, 235 

— of New York Devonian ttrita, 5^ 
of Silurian rock*, 347 

— — of mineral* aoaiyied, 603 

— of Cambrian and Laurentian *trau, 571 
— — of Eocerm formatioii*, Englandi, 279 

— of foMll mammalia older than Parti gjpium, 885 
»». of foutllferou* itrata, 101 

of Permian atrata, 456 

Tabular view of fotilUferotti itrata, lOS 


T&A 

( T«llf of bomocercal and iieterootttM ifli, 43S 
Taicoie granite, 700 
— . gnei*a»727 
“ gntiif granite velna. 70S 
tchlu, m 

Tarannot) liiale, tbickoea* of. 356 
Tartaret, cone and lava-eunwot of, 681 
Teeth of extinct mammalia, 13I—123 
Teieo*tel, term explained, 530 
TtUina oAJfgna, Norwich crag, 196 
i — projfima, Scotch drift, 154 
I TmnecA/niu cecaiMifM, CoralUoa Drag, 203 
> Trmnopirurui escavatw, 201 
1 Teneriff', view of Peak of, 637 
, Tcntaenbtri anntUatuSt Silurian, 557 
Teplirine, 601 

TfrehtUum topita {Seraphs comv<oHUum\ 285 
fiubomu. Barton, 285 
Tfrrbratnia porrecta, 535 
— Bradford clay, 402 

icita, 24 i 

carnea. White Chalk, 824 
! — yirnhWa. Inf. OoUte, 409 
hattata, 515 

Wtlaoni, Ayraefctry. 531 

Terfhratulata bipiicata, CrKaceoo*, 325 
Terfbratuiina $trioin. White Chalk, 324 
Tenbrtri»$t)a lyra, 3*29 
Trredtnn pertonata, foiill wood bored by, 24 
TVrrrfti nuvalit boring wood, 24 
Tettiarp formtttiofu, cfauiftcatiam qfy 177 
' — . term defined, ISO 

t of ParU, 295 

! volcanic rocki of Auvergne, 680 

Termite! of CEnIngen, 255 
Terra del Fnego, clay ilatei of, 746 
Teitacea of i>U*ttc i layi, 294 

d’Homme, Andelcy*, 352, 353 
Texa*. chalk In, 337 
Thallogcn*. term explained, 331 
Thnmuoitrtea, Coral rag, 396 
Than(>t landt, 295 
Thfcodimtosaurw, lootb of, 444 
Thecmmilta atmuians. Coral rag, 396 
Thflodut, ihagreen icalei of pKicoid fiih, 549 
Thlckne** of laturentian rock*, 678 
Thirria, M , on Oolitic group, 427 
Thompton, Dr., on nummulne* of Thibet, 305 
Thurmann, M., on aotecllnal ridge* of Jura, 3b4i 
cited, 55 

on Bernese Jura Oidite, 401 

Thytacothcrium Prevostri, Vaienc., 404 
Tl'ettones of Silurian strata, 348 
Tiigaie Foreit, remain* in, 347 
Till, drtcribed, KHG 
Tin, whence obtained by ancient*, 112 

vein*, age of, 770 

Toadktone, 601 

Tongrian of Dumont, 335 

Torell, Dr. Otto, on iceberg*, 144 

Touralne, fatun* of, 211 

Tournouer, M., on Lower Miocene tbells, 330 

Trachyte, 598, 601 

— porphyry, 594 
Trachytic iava, age of, 650 

tuff* of Madeira, 646 
Tranfitlon. term explained, 89 
Transverse vallevi, 860 
Trap, term explained, 387 
between limestone and shale, Durham, ¥6 

— dike. inieroepUog strata eovered with alia 
vium, 614 

— dike*. 603 

— intrusion of, between strata, 609 
— — of New Red Sandsttme pmried, 689 

— ptuage of granite Into, 700 
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Trtp. miatlott •(, t<» intiv# v«»lc»iiir pnxlucta, 4tl 
— — rockt. tud vfhtia of, ftW 

— . of M4MMro, US 

~ tiiir. m. 9)1 

veim In Airdinunarchan, 0u4 

TrapfiMA rodii, M 
— re)«tton to Ut«, €13 
Tr«f« of Loner Rlfel. €7ft 
term expblited. €0) 

Tmvenln, bo t d«|ioiiiod, 34 

Inf^rlettr, lOO 

Trtf'/erm from Brmii, 4€7 

— from of Bintrhm, 40 | 

Tret, fiMoU, im Cmt. 4€l , 444 { 

Tree#, erect, Jo Co*l, 477, 4W) i 

1'remiidur tietet, fo*«lh of. 3?) | 

Trenton, limtoloae of, 

Tietu bed> of rUf aiid tarn at, j 

TriM of UoJte4l Staten, U» j 

nometreUture of, 430 I 

> iu ('bethiie and L<inc«ter. 441 i 

fubaiv»tUmsof.4M | 

Trimsic group U) KngUtuI, 43M | 

THconodoo iit Middle Ihirlierk, |H3 j 

Trigomriiifft Uum. Krmmeridge ciaf, SD3 i 

Trtgoma cuadnia, 343 

— — gtbbf*ta, Portlantt'fbHie, 9!<3 , 

Tngomtcarfmm oea/mm, 47i ; T oftmeforme. 475 ■ 

Tnganotrrta undnZo/a, 4.VI 

TriiobUet of primordial woe, 576 i 

in Devonian atrau, 533 ^ 

— - in CambiUn, 6f/j 

meumorplMHli of. 575 j 

Tri/ocuitna ritdafa, Eocene, 301 | 

Trimmer, Mr., on ihell* of M»j«l Tryfaen, KVI ! 

— - on contorted itrata, I5€ 

on und'gallt, €7 » 

Trinnchmt c<mceiUricus (T. omatut), Trinucleui , 
CaraHaci, 559 

Triongr, carapace of, Bembrldge, 'AO 

Tripoli romjHxied of Diaiomarer, V4 

Tnitram, M., orr iubOBerg»ftce of Sahara. 175 ! 

Trockocera$ gifismtfttm, blluiian. 5.5‘i ! 

Tropkon eJaikraittm, Clyde drift, l.'4 ^ 

Tuff! of Ucbla, ISS 

— volcanic and trap, 6, 597 j 

of Ixovf r Llandeilo, 5G3, 564 i 

— - deacrilred, €01 

Tuomey. Mr , on burr-»tone iirita, 109 i 

Tupafa Tana, Oolite, 4o5 
Tunier, Dr., on chemical derompovllion, 41, 41 
Tumiita cottatm, Chalk, 124 \ 

TurnteHa mnituukata, I’tS 

Tuveany, •pring* (r>mi vpenl volcanoi, 7VJ | 

Older Pliocene vobank rotk» of, €€6 j 

Tyodaii, Dr., co ilate cleavage. 743 
Tynodale fault, Sk 
Tynemouth ciibv llmeilone at. 4.57 
Tyrol, junction^ of pluionk roika with Oolitic 
atrata, 716 

Tgpkii punicm. Barton clay, IW 

} 

T"yCONFOBMABLE»tratH5cat}oo,60,61 | 

^ Underlying, term applied to granUc, 7 j 

Unger, Prof., on Plancra Htdiardi, 163 
...... on Miocene Atlantia. 366 j 

..... on Miocene plania of Croatia, 34 1 > 

on Swiaa M *oaene. 146. 354 ! 

Ungoltie or Oboltia grit of Buaia, 565 . 

Vnio UttaroHi irecent). 36 

f tMemsif, WS ; 

United Jiiatew, Eocetw atrata In, 106 i 

Canbriau ainta of, 576 | 

eretaceniia rocka of, 336 

. — coal'ftelda of, 493 
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United Stately Denankn attaia of, ttO 
—— Loner Miocene of, »6 

Oldor PUocent and Miocoot (brnuitloai to* 174 
aecikm of geolngtral atraeturt of, 434 
hi urlaa atrata of, 561 
Trioa of. 443 

Unatralifkation of Nile deyMHlta, 113 
IVheaval, theory of vioieni, rooaldtrad, 715 
«— of C 4 lder«a, theory ol, €11 

— of the Weald* 364 
('Pfier GrvonMitd, IM 

— Miocene tea In am of Downt, 169 

— . Val d’Amo, newer PlioeoiM atrata of, 195 
t’rralaed marine atrata In 9ardlnia, 131 
U(>«ala, erraiica on n>-dert> marine drift near, 150 
Ural MouutaitM, quarif veliiat>f» 776 

gold of, 7«l» 

f >»«4 ayx-frua, molar of, 135 
I rville, Capt. d’. on »Ut of icoftorfi. 145 


VAL Dl NOTO.lnUm1dllMn,76 
' ...... tolcAOic furmatlutia ol,65a 

Igneou* rock of, 614 

Valley*, ttrigin of, 70 
— . traniverac. of W'eald, 160 
Vahifiine ftaolte, 7ti4. 7ll6 
I'ahata, Pleiatorenr, 39 
l .'in/'fjfi Pltihi, f'roaiU, 343 
VrgetaMon of Middit* Eocene period, 366 

of Devonian period. 543 

Vein*, granite, rtuk* altered by, 703 
...mineral. Ace M'neral «elii* 

— - chenitca) dep*»»ll* in, 766 
Vem*t me# In parallel layer*. 765 
Velay, volcunic foriTiAtiotia ol, 65,5 
yt’oenroriia pianiemta [earitAa pUtmeotta), 956 
Venefi.M , on Alpine glarler*, U3 
t'rnincnitten raHialut, (Thaik. 337 
Verneuil, M.dr, on Permian fti>ra, 460 
— oo glacial drift of Knttia, 1 49 
— - on Lower Sflnriio, United Ktatea. 567 
Vertebrata, atweivce of, iu oldeat foaaillferoua rock*, 
f»H0 

abience of, In lower rock#, 550 

teiill. progre** of diacovery of. 553 

Veauvluf, Newer PlkH*en« bed# of, IW 

age of lava# of, 651 

dike# of, W)6 

dr*jnh of crater of. 636 

Vicemin, cotumnar baaait In, 61) 

V(c»naa, heaaillc column near, 613 
Victoria erraticf of, 146 

Vienna l>a#)n, Upfwr Mi^iCMie of, 941 
Virw of volcano* of Olot, 661 
— — of lava rurrenl of Cbaluxet. 6€3 

^of l#le of Cyclop#, W) 

ol (*<tn under Maar. 671 

Virginia, coal field of, 445 
... Mirwene strata of, 375 

Virlel, M., m corro*lo« of rock# near Cortolb, 733 
oil cretaceou* trap# of Greece, 664 

on Inland cUfUi, 73 

volcanic dike*, 6 

monnuuni, (t*rm of, 5 

Viterbo, Older Pliocene volcanic rocki of, 666 
VUreou# lava, C<ft 
Voicanic rock# of (Mot, 659 
— brerria, 597, 595 

carboiiHrrmia rock#, 699 

dike at «t MeUma, 610 

difceeofScIly. 191 

— Eocene rock, 6fl7 

— formauoo of Val di Koto. 65| 
moiiotatna, Unm, ttittetuig, luid orifto 9(, 616 

.M. mottiiudoi, form of, 616 
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VoltiRie rncld, lynanifni and ninml contpotkion I 
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— — rnelut, W7 
— . rntik* of (577 

iM— rocVt, Cambrian, 

— - rock*, f rata<w*ui, Oolkic, and Uaa, (}•«» 

M— rock*, columnar ami flobular tiructiirf of, 
CIO 

rncki. t^aitrentian, #9 
— rorki, atrtKturr M, $10—617 

rock*, ikiurlan, 6W 

lufl; 6. ftW, 601 

Voleano of Pojr d# COma. 6*i3 
of V«rift>|«\ heiftit of. 636 
Volcano*, a»tinft,6 

— of Ativaritnc, 677 
of Canaric*, 671 
of Jata. €19 

— of Hrfiidwtch 1«K 616 
Volttia kftfrophifUa (breni/olia), 437 
3\>lmnf of hidden plutwilc rork*, 714 
f'o/uta LambftU, Tuurain* Faluni. 718 
amh fma. Barton rUjr, 3HA 

— . rttkifta, Ba»t(«n. 1H6 
— > Lantbrni, Coralline and Red crag, 108 
noflata, HIghgate, 391 
a»w 

Von Burh, on Caldera of Palma, 637 

on land riting 45 

on Silurian plutonic rocki, 717 
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Wael, M. de, on teitaraa in Antwerp crag, 305 
Wagner, M , on Mioeene of Greece, 245 
Watchii^ p»i»(f<jrwu, Permian, 461 
Walea, gtaeiailon of, |56 
W'alker, Dr., on Hi)quoia,360 
Waller, quotad, S9 
Waillcli, Dr , on Atlantic rood, 316 
Water, action of, in dbtrltmilog heat, 734 
Waterhouie, Mr., on TVtpaio 7’tiHrt, 405 
Wat\ Mr. Gregory, on cooling of metali, 6.56 
— — . on tualon, 781 
Ware*, action of, on llmeatone, 76 
Weald, map to iUuatrate denndatlon of, 866 

ralley, denudation of, 855, 3^)5 
Wealden formation*, 843 
~~~ term explained, 863 
— area of tha. 849 

planu and animal* of, 881, 347 

— — thaory of fracture and U|)heaval of, 964 
W«b«er, Mr. T., (m> tertiary itrata, 161 
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WellNiftoa Valter cave*. 116 
M enlnek formatmn. fowila Of, 558*886 
*-* llmeatoeie, 5A3 

ihale. fbnil* of. 8.56 

Wtrfen bed*, rofnpMition of, 438 
Werner, on claaiitkatlon of rock*, 87 
on p}ut<<nic formation*, 758 
Waaterwald. Igneoiu rnefc* of. 671 
WeMwrmd, Mr ,on Liaa beetle*, 426 
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— • ind* and Barton clay, 264 
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Witiiammn, Prof ,on calamitei, 470 
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Wood, Mr. Srartri.oo fi»h of ileadon •erie*. 283 
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